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ANNUAL REPORT OF THE BOARD OF REGENTS 

OP TOE 

SMITHSONIAN INSTITUTION, 

SBOwino 

THE OPEBATIOKS^ EXPENDITUBES» AJS[D COKDmON OF THE HSnan- 
TUTION UP TO JAOTABY, 1864, AND THE PROCEBDmGS 
OF THE BOAED CP TO MABCH 16, 1664. . 



To iJie Senate ami House of ncpnsenlalivcs : 

In obedience to the act of Cougresa of August 10, 1846, establish- 
ing the Smithsonian Institation, the undersigned, in behalf of the 
Regents, submit to Congress, as a report of the operations, expendi- 
tures, and condition of the Institntion, the following documents: 

1. The Annual Report of the Secretary, giving an account of the 
operations of the Institution, during the year 1863. 

2. Report of the Executive Committee, giving a general statement 
of the proceeds and disposition of the Smithsonian fund, and also an . 
account of the expenditures for the year 1863. 

3. Prooeedings of the Board of Regents up to March 10, 1864. 

4. Appendix. 

Bespectfoily submitted, 

R. 13. TANEY, Charmllor. 
JOSEPH HENJiY, Secretary. 
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LETTE& 

or TBB 

SECRETAEY OF THE SMITHSONIAN INSTITUTION, 

COMMUNICATING 

THE ANNUAX. REPORT OF THE OPERATIONS, EXPENDITT^RES, AKD CON- 
DITION OF THE INSTITUTiUJi FOR iiii. XljAli loi»a. 



June 1864.— EeAd, and ordered to be printed. 



biUTHSONlAN INSTITUTION, 

Washington^ June 27, 1864. 

Snt : In behalf of the Board of BegentSf I have the honor to rabmit 
to the House of Representatives of the United States the annual report 
of the operations, expenditnres, and condition of the Smithsonian In* 
stitntion for the year 1863. 

I have the honor to be, very respectfully, yonr obedient servant, 

jos]:pii henry, 

Hon. S. Colfax, 

Sfedker €f the Btnm of BipresmtaUvea, 
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PROGRAMME OF ORGANIZATION 

OF TBX 

SMITHSONIAN INSTITUTION. 



tPRESENTED IN THE FIRST ANNUAL SEPOBT OP THE SECBETAST, AND 
ADOPTED BT THE BOARD OP BBGENT8, DECEMBEB 19; 1847.] 



INTEODUOTION. 

OeReral oonndercUuma which should serve as a guide in adopting a Flan 

qf Organization, 

1. Will op SiOTHaON. The pr r> rty is bequeathed to tbe United 
States of America, **to found at Washington, under the name of t he 
SuiTHBONiAN iNSTiTunoN, an establishment for tbe increase and dif- 

fusion of knowledge among mcn.^' 

2. The bequest is for the biM^efjt of mankiiul. The government 
of the United States is merely a trustee to curry out tbe design of 

the testator. 

3. The Institution is not a nationiil estahlisliment. as is frequently 
suppuaed, but the eAtablishmeut of an individual, and is to bear and 
perpetuate his name. 

4. The objects of the Institution are, Ist, to increase, and, 2d, to 
diffuse knowledge among men. 

6. These two objects should not be confounded whb one another. 
The first is to enlarge the existing stock of knowledge bv the addition 
of new truths ; and the aecond, to disseminate knowledge, thus in- 
crf i>od, among men. 

6. The will makes no restriction in favor of ^ny particular kind of 
knowledge; hence all branches are entitled to a share of attention. 

7. Knowlfvhj-o can be increased bydiflferent niothod?^ of facilitating 
and proniotini; tiie discovery of new truths; and cau b© most exten- 
sively ditfused among men by means of the press. 

8. To effect the greatest amount of good, the organization should 
be mch as to enable the Institution to produce results, in the way of 
increasing and diffusing knowledge, which caouot bo produced either 
at all or so efficiently by the existing institutions in our country. 

9. The organisation should also be such as can be adopted pro- 
visionally; can be easily reduced to practice, receive modifications, 
or be abandoned, in whole or in part^ without a sacrifice of the funds. 

10. In order to compensate, in some measure, for th( I >h;s of time 
occaaioDed by the delay of eight years in eBtablishing the Institution, 
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a considerable portion of the interest which has accrued should be 

added to the principal. 

11. In proportion to the wide field of knowleJ^i^o to be cultivated, 
the fnnd3 are small. Economy should thereibro bo consulted in the 
construction of the building; and not only the first cost of the editico 
should be considered, but also the continual expense of keeping it in 
repair, and of the support of the establishment necessarily connected 
with it, Tiioro should also be but few individuals permauently sup- 
ported by tlie institution. 

12. The plan and dimensions of the building should be determined 
by the plan of organization, and not the conTorse. 

13. It should be recollected that mankind in general are to be 
benefited by the bequest, and that, therefore, all unnecessary ex- 
penditure on local objects would be a perversion of the trust. 

14. Besides the foregoing considerations deduced immediately from 
the will of Smithson, regard must be liad to certain requirements of 
the act of Conp^ress establishinj^ the Tristitntion. These are, a library, ■ 
a museum, and a gallery of art, with a building on a liberal scale to 
contain them. 

SECTION I 

JPlan qf Organization of the Instttutinn in accordance with tie foregoing 

deductions /rom tlte will <^ Smithson, 

To nrCBBABB KNOWLBDGB. It is proposed — 

1. To stimulate men of talent to make ori^^inul researches, by offer- 
ing suitable rewards for memoirs containing new truths ; and, 

2. To appropriate annually a portion of the income for particular 
researches, uuder the direction of suitable persons. 

To DIFFUSE KXOWLEDGE. It is proposed — 

1. To publish a series of periodical reports on the progpress of the 

different branches of kiiowledrre; and, 

2 To publi&h occasionally separate treatises on subjects of general 
interest. 

DETAILS OF THE PLAN TO INCREASE KNOWLEDGE. 

I. — By aiimulaling researcJics, 

1. Facilities to be alTorded for the production of original memoirs 

on all branches of know le<lge. 

2. The memoirs thus ohtained to lie pnldished in a series of vol- 
ume;^, in a quarto form, and entitled Smithsonian Contributions to 
Knowledeo. 

3. No luciuoir on gubjectd of physical science to bo accepted for 
pul>lication which docH not furnish a ])ositivo addition to human 
knowledge, resting on original rcbearchj and uii uuveriiitid specula- 
tions to be rejected. 

4. Each memoir presented to the Institution to be submitted for 
examination to a commission of persons of reputation for learning in 
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the branch to which the memuir pertains ; and to bo accepted for 
publication only in case the report of this commission be favorable. 

5. The commiBsioti to be (hosen by the officer^ of the iDstitatioD, 
and the name of the author, as far as practicable, concealed, unless 
a favorable decision be made. 

6. The volnmes of the memoirs to be exchanged for the transac- 
tions of literary and scientific societies, and copies to be given to all 
the colleges and principal libraries in this country. One part of f lic 
remaining copies may be offered for f^ale ; and the other carefully 

?>reserved, to form complete sets of the work, to supply the demand 
rom new institutions. 

7. An abstract, or popular account, of the contents of these me- 
moirs to be given to the public through the annual report of the 
Hegeuts to Congress. 

11. — By approprial I iKj a part of fhe income, annuaihj, to special objects 
of research^ uruler the direction of suitable persons, 

1. The objects, and the amount appropriated, to be recommended 

by counsellors of the Institution. 

2. Appropriations in different years to different objects, so that, 
in course of time, each branch of knowleflp:c may receive a phare. 

3. The results obtained from tliese appropriations to be pul>lished, 
with the nieiiioirs before mentioned, in the volumes of the bmithso- 
niau Coiitri])utions to Knowled<re. 

4. Examples of objects for which appropriations may bo made. 
(1.) System of extended meteorological obaervatious ior solving the 

problem of American storms. 

(2.) Exj)loration8 in descriptive natural history, and geological, 
magnctical, and topographical surveys, to collect materials for the 
formation of a physical atlas of the United States. 

(3.) Solution of experimental problems, such as a new determina- 
tion of the weight of the earth, of the velocity of electricity, and 
of light ; chemical analyses of soils and plants; collection and publi* 
cation of scientific facts accumtdated in the offices of government. 

(4.) Institution of statistical inquiries with reference to physical, 
moral, and political subjects. 

(5.) Historical researches and accurate surveys of places celebrated 
in American history. 

(G.) Ethnological researches, particularly witli reference to the dif- 
ferent races of men in North America ; al* explorations and accurate 
surveys of the mounds and other remains of the ancient people of 
our country. 

DETAILB OF THE PLAN FOB DIFFU8IMQ KNOWLEDGE. 

I. — By the pullicafion of a series of reports, (jivin<j an aoronnt of the new 
discoveries in science^ and of the changes made from year to year in 
aU branches of knoivledge not strictly prrojcssionaL 

1. These reports will difiuse a kind of knowledge generally inter- 
eetiqg, but which, at present^ is inaccessible to the public. Some of 
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tho reports may be published annually, others at lon;;cr intervals, as 
the income of the Institution or the changes in the branches of 
knowledge may ioaicate, 

2. The reports are to be prepared by collaborators emiBfent in the 
different branches of knowledge* < 

3. .Sach collaborator to be furnished with the jonmais and publi- 
catioDB, domestic and foreign, necessary to the compilation of his 
report ; to be paid a certain snm for his labors, and to be named on 
the titlo-pncT ot" tlio report. 

4. The refxjrta to be published in separate jiarts, so that j)crson3 
interertcfl in a particular l)ranch can procure the parts relating to it 
without purchasing the whole. 

5. These reports may be presented to ConjrreBs for partial distri- 
bution, the remaining copies to be given to iiicrary and scientific 
institutions, and sold to individuals for a moderate price. 

The following are some of the snbjects which maj be embraced in 
the reports : 

J. PHYSICAL CLAfl& 

1. Physics, including astronomy, natural philosophy, chemistry, 
and meteorology. 

2. Natural history, including botany, zoology, geology, <fec. 

3. Agricnlture. 

4. Application of science to art. 

IL MORAL AND POLITICAL CLASS. 

5. Ethnology, incindiug particular histo'ry, comparative philology, 
antiquities, &c 

6. Statistics and political economy. 
7* Mental and moral philosophy. 

8. A snrvey of the political events of the world, penal reform, Ac. 

UJU L1T£EATUE£: A2sD XU£ FINE AfiXa 

9. Modern literature* 

10. The fine arts, and their application to the useful arts. 

11. Bibliography. 

12. Obituary notices of distinguished individuals. 

II. — By ihe pMioation qf aqmnUe treaUm on suideoU o/ qen/eral ifUenst, 

1. These treatises may occasionally consist of valuable memoirs 
trtinslated from foreign languages, or of articles prepared under the 
direction of the Institution, or procured by offering premiums for the ' 
best exposition of a given subject. 

2. The treatises should, in all cases, be submitted to a commission 
of competent judges previous to their publication. 

3. Ab examples of these treatiseSi oxpo.^itions nit\y be obtained of 
the pi cscnt sUUe of the several branches ot knowledge mentioned in 
the table of reports. ' 
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SECTION II. 



Flan ^ organization, in accordance with the terms of the resobiiiom of 
the Board of Regerds wowding for the two modes qf increasing and 
diffusing knowledge. 

m 

h The act of CoDgress esUbllfihiog the Institution contemplated 
the fornwtion of a library and a nrasenm ; and the Board of Regents, 
including these objects in the plan of organization, resolved to divide 
the income* into two equal parts. 

2. One part to be appropriated to increase and difTuso knowledge 
by meani of publications and researches, agreeably to the scheme 
before criven. The other part tu be appropriated to the formation of 
a library and a collection of objects ot" nature and of art. 

3. These two plans are not incom[)atiblo one with another. 

4. To carry out the plan before described, a library will be rcfinired, 
consisting, first, of a complete collection of the tran.>actions and |)n)- 
ceedings of ail tho learned societies in tlie world; second, uf the more 
import^int current periodical publications, and other works necessary 
in preparing the periodical reports. 

5. The institution should make special collections, particularly of 
objects to illustrate and verify its own publications. 

6. Also, a collection of instruments of research in all branches of 
experimental science. 

7. With reference to the collection of bookf^, other than those men- 
tioned above, catalogues of all the different libraries in the United 
States should bo procured, in order that the valuable books first pur- 
chased may he fuicli a> arc not to be found in the Uniti'd States. 

8. Also, catalogues ot memoirs, and of books and other m iti-rials, 
ahould be collected for rendering the Institution a centre of biblio- 
graphical knowledge, whence the student may be directed to any 
work which he may require. 

9. It is believed that the collections in natural history will increase 
by donation as rapidly as the income of the Institution can make pro- 
vision for their reception, and, therefore, it will seldom be necessary 
to purchase articles of this kind. 

10. Attempts .^liouM be made to procure for the gallery of art casts 
of the most ( c lebrated articles of ancient and modern sculpture. 

11. The arts may be encouraged by providing a room, free of ex- 
pense, for the exhibition of the objects of the Art-Union and other 
aimilar societies. 

12. A small appropriation should annually bo made lur models of 
antiquities, such as those of the remains of ancient temples, ttu. 

13. For the j>resent, or until the building is fully completed, bo- 
' sides the Secretary, no permanent assistant will be required, except 

one, to act as librarian. 

t 

I • 

o The •mcrant of the SmithaonlMi bequest reoelTed into theTreawiy of the 

United states is $515,169 00 

Interest on the same to July 1, 1846, (duvoted to thu eveetloii of the boild- 

ini^... ...... — ......... — — .... tit, ISO 00 

Annnul InooiM Ikom the beqiHit ...... 80, 010 14 
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14. The Secretary, by the law of Congress, is alone responsible to 
the Begents. He shall take charge of the building and property, 
keep a record of proceedings, discharge the duties of librarian and 
keeper of the muaenin, and may, with the consent of the Begents, 

employ assistants. 

15. The Socrotary and his assistants, during the session of Congress, 
will be required to illustrate new discoverieB in science, and to exhibit 
new objects of art; distinguished individuals should also be invited to 
give lectures on subjects of general interest. 



Tliis prop;raniine, which was at first adopted provisionally, has 
become the settled policy of the lustitution. The only material 
change is that expressed by the following resolutions, adopted Jan* 
nary 16, 1856, viz : 

llcsolvcd, That the 7th resolution passed by the Board of Regents, 
on the 2Gth of January, 1847, requiring an equal division of the in- 
come between the active operations and the museum and library, 
when the buildings are completed, be, and it is hereby, repealed. 

BeacHvedt That hereafter the annual appropriations shall be appor* 
tioned specifically among the different objects and operations of the 
Institution, in such manner as may, in the judgment of the Regents, 
be necessary and proper for each, according to its intrinsic impor* 
tance, and a compliance in good faith with the law. 



Digitized by Google 



££PORI OF THE S£CfiETARY. 



lb the Board of Begents: 

GeiiTLiiMBN : I have the honor to presoDt, at the commencement 

of another session of your honorable board, the annual report of the 
condition and transactions of the Smithsonian Institution during the 
year 1863. 

The general operations of the lostitation are so uniform from year 
to year that the Be^eral annual reports can differ hut little from 
each other ; the usual order wilt, therefore, he observed in this com- 
munication, with only soch variations as the special incidents of the 

year may require. 

It will bo seen by the report of the Executive Committee that the 
finances of the Inatitation are in as favorable a condition as the state 
of public affairs would authorize us to expect. First. The whole 
amount of money originally derived from the bequest of Smithson is 
still in the treasury of the United States, bearing interest at six per 
cent., paid semi-annually, and yielding $30,910. Second. Seventy- 
five thousand dollars of an extra fund are in buudd of the State 
of Indiana, at live per cent, interest, also paid semi-annually, yield- 
inc^ $3,750. Third. Fifty-tliree thousand live hundred dollars of the 
same fund are in bonds of the State of Virginia, twelve thousand in 
those of Tennessee, and five hundred in those of Georgia, from which 
nothing has been derived since the commencement of the war. Fourth. 
A bcdance of upwards of $32,000 is now in the hands of the treasurer 
of the Institution. 

The unsettled accounts at the close of the year do not exceed two 
thousand dollars. 

From this statement it appears that the Institation, after erecting 
a building, accumulating a large library and an extensive museum, 
supplying the principal museums of the world with specimens of 
natural history, and publishing a series of volumes which have been 
distributed to all first-class libraries abroad, and still more extensively 
at home, has upwards of one hundred thousand dollars in addition 
to the money received tVum the original bequest. In addition to 
this, the stocks of Virginia and Tennessee are quoted at about hoXi 
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paper, by 8. Weir Mttcliel], M. D., and Georj^e R. Morehouse, M. D., 
oi riiiladclphia^ is a very complete study of the Mnatomy and pbvsi* 
olog-y of the brouthing organs in turtles. It seems that, although at 
one time, and by a siDgle observer, the true mode of the breathing 
of these aDimals was partially Qnderston l it had long been neglected, 
and modern phywologista have taught that turtles forced air into the 
langs as do frogs. Drs. Mitchell and Morehonse have shown that 
turtles breathe like mammals, by drawing air into the lungs by the 
aid of muscles situated in the flanks and on the outside of the lungs. 
Their paper contains a detailed account of the anatomy of the breath- 
ing organs of turtles, and is illustrated with numerous wood-cuts. 
The most novel discovery described by the authors is that pf a chiasm 
. or crossing from side to side of a portion of the nerves which supply 
the muscles of the larynx. Except the well-known facts as to similar 
crossings within the skull, no previous author has described any simi- 
lar extra-cranial arrangement of nerves. The physiological nsen of 
the laryngeal chiasm baa been fftlly studied by Drs. Mitchell and. 
Morehouse ; and more recently Professor Wyman, led by their dis- 
covery, has described similar nerve arrangements in serpents and in 
certain birds. 

The authors express tiieir indebtedness to the Smithsonian Insti- 
* tution for the aid with which they were furnished in obtaining the 

requisite specimens for experimcnu and for dissection. 

The following papers have been accepted for publication, and will 
form parts of the fourteenth volume of Contributions : 

1st. Three additional parts of the series of discussion of the mag* 
netic observations at Girard College, by Professor A. D. Bache. 

2d. The result of a series of microscopical studies of the medulla 
oblongata, or the upper portion of the spinal marrow, by Dr. John 
Dean. 

3d . A memoir on the palssontology of the Upper Missouri, by F. B. 
Meek and F. V. Hay den. 

4th. An account of the photogr ipbical observatory and various 
experiments in regard to this subject, by Dr. Henry Draper, of New 
York. 

5th. A monograph of the '•Larid»" or gulls, by Dr. Elliott Ooues. 

All these memoirs, except the lust, are in the hands of the printer, 
or in process of illustration by the engraver. 

In several of the j)receding reports an account has been given of a 
series of redactions of the magnetic observations made from 1840 to 
^ 1845, inclusive, at Girard College, Philadelphia, by Profeasor Baoho* 
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The first two of the papers of this series related to what is called the 

eleveii-yoar period of the variatioQ of tlio needle, which correspoiidd 
with the recurrence and frequency of the spots on the sun. The 
third paper reiateB to the iuliucDCO of the moon on the variation of 
the needle. The fourth refers to the change in the horizontal part 
of tiie force of the earth's magnetism coinciding with the eleven- 
year period of the spots on the snn. The fifth relates to the efiect 
of the son in prodnoing daily and annual variations in the horizontal 
component of the magnetic force. The sixth relates to the lunar 
miiuence on the horizontal magnetic force. 

A particular account has been given of the result of all these inves- 
tigations, which tend fully to corroborate the concluiiious arrived at 
from ohservatipns in other parts of the world, that both the sun and 
moon are magnetic bodies, and exert an inflnence npon the polarity 
of the earth ; and also that the magnetism of the snn has variations 
in intensity which are in some way connected with the appearance 
of spots on its surface, giving rise to the variations in those perturba- 
tions of the needle whicli have been called magnetic storms, and 
which present a periodical recurreuce at an interval of about eleven 
years* 

The infiaence of the moon is mnch less marked than that of the 
mm, and appears to be more analogous to the temporary .magnetism 
induced in soft iron. 

Parts VII, VIII, and IX of this series, now in the press, are a con- 

tiDuatioQ of the same subject. ' Part VI f ouuLanKs the discussion of 
the effect of a change of temperature ou the readings of the vertical 
force instrument. * 

If a magnetic needle could be supported perfectly free in space, so 
as to assume the direction into which it would be brought by the 
magnetic action of the earth, it would arrange itself in the line of 
what is called the dip, or the inclination of the needle. At the mag- 
netic equator of the earth such a needle would be parallel to tlio 
horizon, but, departing from this line either to the north or the south, 
the inclination would increase continually until wo arrive at the mag- 
netic pole, when it would be vertical. It is plain that the full magnetic 
force of the earth, in the line of the dip, may be resolved into two 
others, viz., a horizontal force, or that which draws the ordinary 
magnetic needle back to the meridian when it has been deflected 
from this position : and, second, the vortical force which tends to 
draw the end of the needle down into the line of the dip. The fre- 
2a 
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quency of Tibrationa of a magnetic bar aoapended by an untwiBted 

thread, 80 as to be horizontal, gives the horizontal component of the 
force of the earth, while the vil n ations of a similar bar placed in the 
plane of the dip, and poised horizontally like a scale-beam on two 
knite-edges, gives the variations in the vertical force. These vibra- 
tions, however, will be affected not only by the changes in the mag* 
Detism of the earth, bat by that in tlio bar itself; and as the latter 
is affected by the temperatnre of the place, a series of obseryations 
and discnssioDS was necessary to ascertain the corrections dae to this 
cause. For this purpose the room was artificially heated and cooled ; 
but the value of tho correction was iiiiaily deduced iVuni an luvesti- 
gation of the whule sent.-; of regular obticrvations compared with the 
changes of temperature indicated by the hourly register of the ther- 
niometer. 

The correctidia for temperature were afterwards applied to all 
the observatioDS. The larger disturbances were then separated from 
the body of the series in the same manner as had been done with 

regard to the horizontal force, by which means the eflect of tho 
monthly and yearly disturbance of the sun is exhibited analytically and 
graphically* From the results it appears that the number and aggre* 
gate amount of disturbances were least in 1844 ; that in each year 
the greatest number of distorbances occurs in March and September, 
and the least number in June, or, in othe? words^ the maximum about 
the equinoxes, and the minimum about the solstices. 

In an appendix to this paper the connexion of the appearance of 
the aurora bortali.> uith the disturbances of the direction and force 
of the earth's magneii^^m is discussed. From the result of this dis- 
cussion it appears that there is a periodicity of about eleven years in 
the recurrence of the frequency of the aurora, as well as in that of 
the great disturbances of the needle, and that these are coincident 
with each other and with the appearance of the spots on the sun. 

The eighth part of the series gives the discussion of the daily and 
yearly variations due to the action of the sun on the vertical compo- 
nent of the magnetic force. The lueaji variation of the force i.-^ deter- 
mined fur each hour during each moulU and for the whole year, and 
also for the summer and the winter separately. These are expressed 
analytically and graphically, and an examination of the curve shows 
a principal maximum about I p. m., and a principal minimum about 
9 a. m. There is an indication of .a secondary maximum about 2 a. m., 
and a secondary minimum about 4 a. m. 
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In pummer the curve appeara to have but one greatest and one 
least ordinate occurring about noon and midnight. In winter the 
doable feature of the curve becomes quite conspicuous. 

The vertical force appears greater in May, Jane, Jaly, and Augast, 
and less in the remainiog months, with a range of abont a hundred 
md five hundred thousandth part of the whole force. 

The ninth part gives the investigation of the inflaence of the moon 
upon the vertical t'ovcv ; also upon the direction and intensity of the 
total force. The methods of investigation are the same in this as in 
the preceding parts. The daily effects of the moon exhibit a prin- 
cipal maximum a little before the planet passes the upper meridian, 
and a pHncipal minimum about three hours after it passes the lower 
meridian. The average epoch of the tide of vertical force is al^put 
one and a half hour in advance, apparently, of the culmination of the 
moon. A secondary variation of this force, though noticed, is very 
feeble. The subject of the time of greatest lunar disturbance is yet 
very imperfectly developed, and more observations in regard to it 
are desirable. 

A comparison is also ^iven in this paper between the observations 
made at Toronto and Philadelphia, and their accordances or differ^ 
enoes are stated. The effect of the moon upon the direction and in ton - 
sity of the total force is obtained by a combination of the vertical 

and horizontal components. From this part of ihu invostigation it 
appears that the dip is greatest at 8 and 20 hours, and least at 3 
hours and 13 J, the range being equal to 3.6 seconds ; and also ^hat 
the maximum strength of the earth is greatest at half-past 12 and 11, 
and least at 7^ and 11 hours, the results, from the observations at 
Toronto and Philadelphia, being remarkably coincident. 

The next paper of the foregoing list is that by Dr. Dean, which 
comprises the anatomy of the medulla oblongata, both human and 
comparative, from the lowest roots of the hypoglossal nerve, through 
the upper mots of the auditory, includin.c: the hypos;lossal, nasal, 
glossopharyngeal, abdacens, facial, and auditory nerves. The ob- 
jects of the investigation were principally as follows : 

Int. To illustrate the topography of the medulla oblongata by means 
of a series of photographs, which might completely map out all the 
principal changes in structure as they successively occur, connected 
with the development of the diflfcrent nerves, with the details which 
accompany the devclopUKMit of tlieir nuclei and accessory ganglia. 

2d. The study of tlie more minute histological details, such as the 
course of the nerve roots, their entrance into their respective nuclei 
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and connexion with nerve cells, the connexion of the nuclei with 
each other by nerve fibres passing froni the roots and from the nerve 
cells, the structure of the olivary bodies which possess a peculiar 
interest from their resemblanoe in convoluted structure to the cere* 
brum and cerebeUom. 

3d. An attempt to show, notwitbstanduig tbe apparent difference of 
Btrnctnre between the spinal cord and mednlla oblongata, a difference 
which appears very considerable at first sight, that thG plan of striic- 
turo of tbe two is identical, that tbe general arrangement of parts 
strictly corresponds, that the relation of tbe nerve roots to their 
nuclei or cell groups is the same, and moreover the connexion estab- 
lished between the different nuclei is carried out on the safme plan. 
The illustrations for this work were taken hy the author himself 
directly from the microscopic dissections by photography.. For the 
general edition the photographic illustrations have been copied on 
stone with great care by L. H. Bradford. Tbe steel plates were en- 
graved by J. W. Watts. Besides these, a limited number of photo- 
graphic prints from th© original negatives have been prepared by 
Dr. Dean himself for private distribution, and from these negatives 
other copies may be obtained either on direct application to the anther 
or through the medium of this Institution, 

This paper, which is the result of over two years of constant study, 

was referred to Dr. W. A. Hammond, of tbe United States army, 
and Professor JelTries Wyman for critical examination, and was recom- 
mended by them for publication as a valuable addition both to human 
and to comparative anatomy. 

The third paper accepted for publication is on the Palssontology 
of the Upper Missouri, by F. B. Meek and F. Y. Hayden. 

This work contains figures and descriptions of all the known inver* 
tebrate fossil remains of tbe various geological formations of Idaho, 
Dakota, Nebraska, and portions of Kansas. About 370 species, 
nearly all of which are new, are fully described, and the descriptions 
are accompanied I'V remarks on the relations of each species to allied 
forms from other districts in this country and Europe, both living and 
fossil — ^its geological range, geographical distribution, Ac. The illus> 
trations consist of about one thousand carefully drawn figures, occu- 
pying forty-five quarto plates. 

In addition to full descriptions of species, the work also contains 
extended accounts of all the genera to which these fossils bek>ng, with 
the synonymy of each genus, and remarks on its aflinities to other 
genera^ both living and extinct ; and aaaigna ihe probable period of 
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its introduction, the time when it appears to have attaijded its maxi- 
mam developmeni, and that at which it is sappoaed to have died ont, 
if not represented in onr existing seas. At the head of each generic 
description the etymology of the name and the type of the ^ennRf 

when known, are given. Full descriptions of each of the families 
including these genera are likewise given ; and at tho end of each 
family de*3cription tho names of all the genera, whether living or ex- 
tinct. The introduction contains detailed descriptions of the various 
formations in which these fossils existed, with remarks on their 
synchronism with other American and European deposits. 

A considerahle portion of the specimens descrihed and figured were 
collected hy Dr. F. V. Hayden in the several expeditions into the 
regions of the Upper Missouri and Yellowstone, sent by the c^ovyrn- 
ment under tlio command of Lieutenant (now Major General) G. K- 
Warren, of the United States Topographical Engineers, to whose 
scientific zeal and liberal enconragement we are indebted for mnch of 
the material upon which the work is founded. But besides these, a 
large number were coUected by Dr. Hayden himself previous to his 
connexion with the exploring expeditions of the government. The 
specific descriptions of the fo.^sils descrihed in this work are therefore 
to be regarded as apjiearing in tho joint names of Meek and Hayden, 
while the descriptions of the genera, and families, and the discussion 
of their relations, geological range, geographical distribution, &c., 
are to be accredited to Mr* Meek alone. 

The first sketch of this work was prepared as a part of the report 
to Congress of the explorations of the above-mentioned regions, but 
Mi . Meek has since devoted almost three years exclusively to extend- 
ing and completing tlie investi^rations; and as it is probable that Con- 
gress will make no provision for its publication, it has been adopted 
by the Institution, at the earnest recommendation of several eminent 
naturalists, and will be published in successive parts. All the sped* 
mens described are in the collections of the Institution, and as soon 
as the work is completed the numerous duplicates will be distributed, 
as types of the species, to various scientihc institutions at home and 
abroad. 

Miaodianeaus Colleciwna* — Several series of articles forming parts of 
the Miscellaneous Collections, as stated in previous reports, have been 
undertaken, of which some have been completed, some are still in 

hand, and others have been printed during the past year. 

The first of these scries is that relating to the shells of North 
America, and will comufit of the ioUowing works : 
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1. Check lists of North Americaa Bbells, by P. P* Carpenter, Ac. 

2. Circular relative to coUeoting shells. 

8. Klementary iotrodQction to the study of coochologj, by P« P. 

CarpeDter. 

4. List of the spccion of shells collected by the United States ex- 
ploring oxpedltion, by the same author. 

5. Descriptive catalogue of the shells of the west coast of the 
United States, Meaiico, and Central America, by the same author. 

6. Descriptive catalogue of the air-breathing shells of North 
America, by W. Q. Binney. 

7. Descriptive catalogue of several genera of water^breathing fresh 
water univalves, by the same author. 

8. Descriptive catalogue of the Mdaniadxs, or the remainder of the 
water-breathing fresh water univalves, by George W. Tryon. 

9. Descriptive catalogue of the CorbicidadaR or CydadiekBt a group 
of bivalves principally inhabiting fresh water, by Temple Prime. 

10. Descriptive catalogue of the Vmatwimt or fresh water mussels* 

11. Descriptive catalogue of the shells of the eastern coast of the 
United States, by William Stimpsoii. 

12. Bibiiograpky of North Americaa conchology, by W. G. 
Binnev. 

13. Check list catalogue of cretaceous and Jurassic fossils of North 
America, by F. B. Meek. 

The first and second articles of this list were published in 1860, and 
described in' the report for that year. The third was published in 

1861 as a part of the annutJ report ibr ISGO. A new edition would 
have been printed heforo this time, as a part of the Mi«rollaneniis 
Collections, had we not been disappointed by a delay in procuring 
the expected use of wood -cuts for the illustration of the work from 
the British Museum. We have just learned, however^ that the Mu* 
seum has liberally granted the uee of these wood-cuts; that they are 
now beings copied in stereotype in England; and consequently the 
work will be completed without further delay. 

The fourth and fitth articles are sull in the hands of Mr. Carpenter, 
who has reported progress, which leads us to expect that they will 
be ready for the press during the present year. 

Of the 6th, 7tb, and 8th, the first 'draughts of the manuscripts 
have been completed, and a preliminary sketch of the conclusions 
of the authors as regards the names of the species has been printed 
in the form of proof-sheets, and distributed to conchologists, with a 
view to elicit criticisms and suggestions prior to tinal pubiicauou. 
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Many important additions and comctionB have been obtained in this 
way which will add mnch to the value of the worka. The request has 
been made that these proof-sheets should not be considered as express- 
ing the final views of the anthors, Ihit odIj intended to obtain the 

informatiou abov^o mentioned. 

The niDth article of tlio series, by Mr. Prime, i'^ well advanced in 
printing, and will be completed in 1864. In addition to the purely 
North. American species, it wilt contain descriptions and wood-cut 
fignres of those of Central and South America, as well as of the West 
Indies, thus embracing all the members of the family found in the 
New World. 

The tenth and eleventh articles are still in process of preparation, 
and the engraving of the wood-cuts for their illustration has com- 
menced. 

The twelfth article — tli^^ first part of the Bibliography of North 
American conchology by Mr. Binnej, mentioned in the last repprt as 
in press — ^has been completed and distributed. It forms a volume . 
of 650 pages, and contains a list of the publications of American au- 
thbrs relative to conchology in general. As might reasonably be 
expected, some omiasions have occurred of titles of papers overlooked 
or not met with, but copies have been sent to all the working con- 
chologists of tlie country, with the request to furnish rectifications and 
additions to be inserted in an appendix to tlie second part. This 
second part,, which is now in the press^ is intended to include an 
account of the writings of foreign naturalists relative to American 
conchol<)[;y, and will also contain, beside the additions and corrections 
of the first volume, copious indexes of authors and names of genera 
and species. About 250 pages are stereotyped, and the whole work, 
probably fiiliug over 500 pages, will be finished during 18G1. 

The thirteenth article, check list by Mr. Meek, has been completed 
and put to press. It contains a list of all the species of cretaceous 
fossils described by authors up to the end of 1863, and will constitute 
an important aid in the labor of cataloguing and labelling collections, 
being prepared in the same style as that of the check-lists of North 
American shells, published by the luatitutiou some years ago, which 
have been so much sought after by conchologists and amateurs. 

Another series of works belonging to the miscellaneous collections 
is intended to facilitate the study of American insects. Of this series 
the several articles are as follows: 

1. Instructions for coUecting and preserving insects. 

2. Catalogue of the described Diptera (Uies, musquitoca^ <kc.) of 
North America, by Baron Osten Sacken. 
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3. Catalogue of the described Lepidoptera (butterflies, moths, Ac,) 
of North America^ by Br. Jno. G. Morris, 

4. Glassificfttion of the Coleoptera (beetles, ^o.) of North America, 

by Dr. Jno. L. Le Conte. 

5. Synopsis of the de.^eribed Neuroptera (drap^on -flies, &c.) of North 
America, with a list of the South American species, by H. Hagen. 

G. Synopsis of the described Lepidoptera of North America, part 
I. Diornal and GrepQScnlar Lepidoptera, by Dr. Jno. G. Morris. 

7. List of the Coleoptera of North America, with descriptions of 
new species, by Dr. Jno. L. Le Conte. 

8. Monograph of the Diptera of North America, byH. Loew, with 
additions, by Baron Osten Sacken. 

9. ^fonographs of Homoptcra and Hemiptera, (chinches, roaches, 
Ac.,) of North America, by P. R. "tJhler. 

10. Descriptive Catalogue of the Hymenoptera, (bees, wasps, Ac,) 
of North America, by H. De Saassure« 

These have alt been described in previous reports. 

Of No. 8, (monograph of Diptora,) the first part was published in 
1862. During the past year the second part has been printed, and 
forms a volume of 339 pages. Tlie manuscript of a third part is in 
an advanced state of preparation by Dr. Loew, and when received 
will, as in the case of the two preceding parts, be intrusted to Baron 
* Osten Sacken for translation under his direction. We most again, in 
this connexion, express onr obligations to Baron Osten Sacken for his 
valuable assistance in the preparation and publication of these works. 

Of No. 9, monographs of Homoptera and Hemiptera of North 
America, by P. R. Uhler, the manuscript is nearly completed, and 
will soon bo received from the author. 

Of No. 10, the manuscript of the first part (Catalogne of Hymenop* 
tera) was received from the author during the past summer, and 
placed in the hands of Mr. S. Norton, of New York, who kindly 
offered to translate it from the original French and superintend its 
publication. It is now in the press, and will soon be completed. 

In addition to tho publications relating to shells and insects, the 
following, belonging also to the MisceliaDeous Collections, have been 
prepared for the Institution : 

1. Check-list of Minerals, by Thomas Egleston. 

2. Ibstrocttons relative to Bthnology and Philology, by George 
Gibbs. 

3. Comparative Vocabulary, by George Gihbs. 

4. Dictionary uf tho Ciiiuuok Jargon or Trade Itanguage of Oregon, 
by George Gibbs. 
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5. Monograph of the Bats of North America, by Dr. H. Alleu, 
United States army. 

No. 1 of these works has been prepared to aid in arranging aod 
cataloguiiig the SmithsontaQ collectioD of minerals and the distribu- 
tion of duplicate specimens, bat it will also be of Talne in facilitating 
the stndy of mineralogy by fnmiflhing printed labels and checfe-lists 
for exchanges. It presents a list of all the described species of min- 
erals, with their chemical symbols and 83'stem8 of crystallization, indi- 
cating tho?e which arc peculiar to the United States, the whole 
arran^^ed' accord ini^ to the method adopted by Professor Dana in the- 
last edition of his Manual of Mineralogy. For important additions 
and corrections, this work is indebted to the principal mineralogists 
of this country, to whom the proofs were sobmitted, and especially 
to Professor Dana, Professor Brash, and Dr. Genth. This list is 
completed, and will shortly be ready for distribntion. 

No. 2 of the^e works was printed m the l-^mithsonian annual 
report for 18G1, but a large demand having arisen for it, it has been 
reprinted with corrections and additions, and now includes > instruc- 
tions for philological observation, rules for recording sounds and vo- 
cabularies, itc. In the latter part of the work Mr. Gibbs has received 
important assistance from Professor W. D. Whitney, of Yale College. 

It includes directions for the collection of various specimens, hints 
for special inquiry, kc. Among the former are the slxulls of Ameri- 
can Indians, which in some eases are difhcult to obtain, on aceount 
of the jealousy with wliirh the natives guard the remains of their 
dead. Xuroerous tribes, however, have become extinct, or have 
removed from their former abodes. The remains of victims of war 
are often left where they fall, and the bones of slaves and of the 
friendless are neglected. Relics of these can be obtained without . 
offence to the living. It is, however, of essential importance that 
most positive information should be obtained as to the nation or tribe to 
which a particular skull belongs. This may frequently be learned 
from the history of the migrations of the tribe, or from the character 
of the ornaments and utensils found with it. 

Among the specimens of art which are designated as desirable 
are dresses, ornaments, bows and arrows, lances, saddles with their 
furniture, models of lodges, cradles, mats, baskets, gambling imple- 
ments, models of canoes, paddles, fish-hooks, carvings in wood £ind 
stone, tools, &o. 

American antiquities are especially indicated as objects of interest. 
They include the tools found in the northern oopper mines, articles 
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inelofled in mounds, images, pottery, also the contents of andent 

bIicU beds found on the sea-coast and bays, often deeply covered with 
earth and overgrown with trees; human remains, or implements of 
human manuiacturc, bearing the marks of tools or of subjection to fire, 
fonnd in cavee, beneath deposits of stony material formed by drop* 
pings from the roof ; similar articles in salt-licks^ likewise in deposits 
of sand and gravel, or snch as evidently belonging to the drift period. 
Among other desiderata mentioned aro the names of tribes, ip^eo- 
graphical position, number of individuals, physical constitution, such 
as stature, proportion of limbs, facial angle, color of ekiu, hair, and 
eyes; inscriptions, dress, food, dwellings, arts, trades, religion, 
goyernment^ social life, ceremonies, mode of warfare, medicine, 
lit-eratnre, method of dividing time, history, ^c. 

These directions also include a list of words mo^t important to bo 
used in forming the vocabuhiry of a languapre. The pamplilct con- 
sists ui thirty-four pages, and is distributed gratuitously to all who 
are desirous of aiding investigations of this character. 

No. 3 is a vocabulary of the principal words of which the 
equivalents are desired in the languages of the American Indians. 
It has been prepared with, great care by Mr. Gibbs after the nsnal 
models, presenting in parallel columns the words selected in English, 
French, Spanish, and Latin, leaving a blank column to be tilled by 
the required equivalents in the dialect of any given tribe. It forms 
a pamphlet of eighteen pages, including two hundred and eleven 
dififerent words, and is printed on letter paper, for convenience in 
filling up the blanks. 

No. 4, the Chinook Jargon, is a collection of phraees made up 
from various languages, Indian and civilized, and constitutes the sole 
medium of communication with the Indian tribes of the northwesL 
In IS 53 the Smithsonian Institution published a brief dictionary of 
this language, from a French manuscript presented by Dr. B. B. 
Mitchell and edited by Professor W. W. Turner. The article was 
in great demand, and the edition was soon exhausted. Mr. Gibbs, . 
having paid particular attention to the Jargon during his long resi- 
dence in Washington Territory, kindly offered to j>repare a new 
edition with corrections and additions. This offer was readily ac- 
cepted, and the dictionary has been published during the past year. • 

The vocabulary of the tlhinook contains words of two dialects, the 
Chinook proper and the Clatsop, and perhaps also of the Wakiakum. 
The nation or rather family to which the generic name Chinook has 
been applied, formerly inhabited both bauiis of the Columbia river 
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from its month to the Grand Dalles, a distance of about one hundred 
and seTentj miles^ and was, as is nsnal among the sedentary Indians 
of the west, broken up into munerons bands. Mr. Hale, in his Eth* 
nography of the iTnited States Exploring Expedition, has divided 

these into the ITpper and Lower Chinook. The preseut vocabnlary 
belonsrs to those nearest the mouth of the river, of which there weru 
fiv(3 principal bands. The language of the bands farther up the river 
departs more and more widely from the Chinook proper ; indeed, so 
mnch so that the lower Indians coold not have nnderstood the npper 
ones without an interpreter. Thid vocabnlary is not as full as could 
b© wished^ and the only reason for publishing it in its present condition 
is that the Indians speakiii,£^ the language are ho nearly extinct that 
no better digest 18 likely to be made in future. 

In regard to the '5th article of the above series, the Monograph of 
Bats of North America, it may be stated that the mammaUa of this 
continent have been studied and described generally by Audubon, 
Bachman, and also by Professor Baird of this Institution. These 
authors, howeyer, have not included in their descriptions the cheirop- 
tera, or bats. To supply this deficiency, Dr. Allen, of Philadelphia, 
has given his attention for several years to the careful hiu lv of 
the specimens of this animal in the principal museums of this country, 
and has presented the result of bis labors to the Institution in the 
form of the numograph above mentioned. In this a detailed descrip* 
tioD is given of each of the genera and species with woo<i*cut figures of 
the skulls, heads, ears, and tails of such species as require this mode of 
illustration. The wood-cnts of this paper have been completed and 
the inannj^cript is now in the hands of the printer. 

I may mention that the Institution is indebted to Mr. Figaniere, 
Portugese minister, for a very graphic account of an immense assem- 
blage of bats which had been colonized for years in the upper part 
of a mansion house which he had purchased in Maryland. This ac- 
count will be republished in the appendix to this report^ as well as 
in the paper of Dr. Allen just described. 

BeparU, — ^The annual reports to Congress are printed at tlj^e ex- 
prase of the government as public documents, with the exception of 
the wood-cuts, the cost of which is paid by the Institution. Previous 
to 1853 the reports were principally confined to an exposition of the 

opeiaiions of the Institution, and were published in pamphlet form; 
but since that date an appendix has been added to each report, which, 
with the otiier matter, has increased the size to that of a volume of 
four hundred and fifty pages. These reports now form a series of ten 
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volamos, beginning with that of 1853, and in order that this Reriea 
might contain a history of the Institution from the beginning, the will 
of Snlilh^uil, the enactments of Congress in rec^ard to it. and the sev- 
eral reports of the Secretary, previous to 1853, were republished in 
the appendix to that Tolume. 

The report f6r 1862 cootains, in the appendix, a enlogj on tlie late 
Senator Pearce, by Professor Bache ; a course of lectures on Polarized 
Light, by F. A. P. Barnard, late president of. the University of His* 
eissippi ; a course of lectures on Ethnology, by Professor Daniel 
Wilson, of the University of Toronto : an introduction to a conrse of 
lecturer ou the Study of High Antiquity, by A. Moriot, of Switzer- 
land, translated for the Institution by the author ; an account of 
the Articles on ArchaDlogy, published by the Smithsonian Institution, 
copied from the ^* Natural History BevieW,'' of England ; a history 
of the French Academy of Sciences ; eulogies on Von Buch and 
Thenard, a continuation of the series of memoirs of distingnisbed 
members of the French Academy, translated by C. A. Alexander, 
esq. ; a Memoir of Isidore St. Hilaire, by Quatrefages, translated by 
a lady ; a prize Memoir on the Catalytic Force, l)y T. L. PhipsoD ; 
on Atoms, by Sir John Herscbel ; Classification of Books, by X P. 
Lesley ; Account of Human Remains from Patagonia, and Prize 
Qaestions of Scientific Societies. 

Of this report the usnal number of 10,000 copies was printed, of 
which 4,000 copies were given to tiic Institution, to be distributed. in 
accordance with the following rules: 

1. To aU the meteorological observers who send records of the 
weather to the Institution* 

2. To the collaborators of the Institution* 

3. To donors to the museum and librarv. 

m 

4. To colleges and other educational establishments. 

5. To public libraries, and literary nnd scientific Rocietics. 

6. To teachers, or individnals who are engaged in special studies, 
and who make direct application for them. 

Oiling to the many changes which have taken place in the resi- 
dence and occupation of the correspondents of the Institution since 
the commencement of the war, it has not been thought advisable to 
send the reports to all whose names are on the record of distribution, 
but in most cases to wait until direct application is made by letter or 
otherwise for a copy of the work. Whenever a report is sent to any 
address a separate announcement is made of the fact enclosing a 
blank receipt to be signed and returned to the Institution. 
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Ou aocount of the large amoimt of priDtiDg reqaired by the gov- 
ernment in conaeqnence of the war, the public printiDg office has been 
taxed to ita utmost power ; docnmente not required for immediate 
use have been delayed, and among others the report of the Institn'lion 
for 1862 is still not qnite completed. It is expected, however, that 
it will be ready for distribution in the course of a few weeks. The 
number of co})ies of the report ordered to be printed by Congress 
has varied in diti'erent years, and consequently in the increasing de* 
mand some of the volumes have been entirely exhausted. It may be 
a matter of consideration whether a new edition of the report for 
1856, and perhaps for other years, might not be reprinted. To pre- 
vent the future exhaustion of the supply of the reports, Congress 
authorized the stereotyping of the hist vuluuio and the printing at any^ 
time, from the plates, of the whole or any part of its contents. 

In view of the great cost of paper and the space required for storage, 
it has been thought advisable to stereotype the Contributions and Mis- 
celianeous Collections, and to strike off only as many copies of each 
article as are required for immediate distribution. By the adoption 
of this plan, the ability to supply, to any extent, copies of works 
published hereafter will always exist, while no more need be printed 
than are actually required. 

Ethnology. — ^From the first, the Institution has given considerablo 
attention to the various branches of ethnology. Besides the addi- 
tions to Indian arch»logy which' are to be fouud in the soveral 
volumes of its Contributions to Knowledge, it has published i jveral 
papers on languages. In the report for 1860, a list of original manu- 
scripts was given rehiling to the languages of the northwest ojast of 
America, which had been received through the aasistauce of Mu Alex- 
ander S. Taylor, of Monterey, California. 

Several of these were copied at the expense of the lusUtution, 
with the intention of securing their preservation and subsequent pub- 
lication. It has also been stated that a number of these manuscripts 
had been presented to Mr. J. G. Shea, of New York, to be published 
in a series which he has established under the title of Library of 
American Linguistics. By presenting these to Mr. Shea for pub- 
lication and purchasing from hna lur distribution to learned societies 
a number of copies, encouragement has been given to a laudable en- 
terprize, undertaken solely to promote a favorite branch of learning, 
and with but little comparative expense to the Smithsooian fund. I 
regret, however, to state that the diminution of the effective income 
of the Institution will prevent further appropriations at present for 
tlub purjpodo. Tiib folio wiug i^ a list of tho works of Mr. Shea's 
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eerioB, of which the Institution has aided the publication hj porchas- 

ing copies for distribution: 

1. Grammar of tlie Mntpun lanprnage, spoken at the mission of San 
Juah Baatista, Alta California; by Father Felipe Arroyo de la 
Cnesta. 

2. Vocabulary of the language of San Antonio mission, Galiforniai 
by Father Bonayentnre Sitjar. 

'3. Grammar and dictionary of the Yakama language, by Rev. Hie. 
Cles. Pandosy. 

4. Vocainilary or Phrase Book of the Mutsiin language, of Alta 
California, by Rev. Fatlier Felipe Arroyo de la Cnesta. 

6. Grammar of the Pima or Nevome, a language of Sonora, from 
•a manuscript of the XVIil century. 

The first of thesoi the Mutsun grammar, waa described in the last 
report The second, the vocabulary of the native inhabitants of 
the San Antonio, or Sextapay, mission ; it was printed from a mann- 
Bcript forwarded to the Iiisstitution by Alexander S. Taylor, of Cali- 
fornia. The mission of \San Antonio de Padua was founded in 1771. 
in the Sierra of Santa Lucia, twenty-hve leagues southwest of Mon- 
terey 'f the authors of this vocabulary being the first missionaries. 
The tribe is sometimes known as Taiche^ or Tdame, though Mr. Taylor 
calls it Sextapay. It is gradually disappearing ; not more than fifty 
Indians still remain, although it is said they were, at one time, so 
numerous that the dialects spoken by them amounted to twenty. 

The third is the grammar and dictionary of the Yakamas, a people 
inhabiting the region of the Yakama river — a, stream rising; in the 
Cascade range of mountains, and emptying into the Columbia above 
the junction of the Snake river. The name signifies the stony 
ground,^' in allusion to the rocky character of the country. The au- 
thor of the grammar. Father Pandoey, was for many years a resident 
among these Indians, and became well acquainted with their language. 
In the destruction of the buildings of the mission by fire, during tho 
Indian war in \VashinL;ton Territory, the original of the graiiiucLr was 
lost, and tho trani?latiun, puldished bv Mr. Shea, which was niado 
some time previoii?ly, alone remained. It is to be regretted that a 
more extended dictionary than the ono now published was also de- 
stroyed at the same time. 

The fourth article is a vocabulary of the same language, of which 
tho grammar constitutes the first of this series, and is by the same 
author ; the words are given in the Mutsun and Spanish languages. 

Tho hiiii, the grammar of the Pima, with a v^ocalailaiy in the same 
language and in bpauish, was obtained in Toledo, Spain, and trans* 
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lated by Buckiugham Smith, esq. Tiiis mnuuscript was probably 
taken to iSpuio after the suppression of tho order of the Jesuits in 
Mexico, in 1767. The Pima iauguago was spokpn by the tribes from 
the river Yaqui, in Sonora, northward to the Gila, and even beyond 
the Colorado, eastward beyood the moan tains in the province of 
Taranmara, and westward to the sea of Cortez. The phrases given 
in these works will preserve the knowledge of what constituted the 
food of the inhabitants ; their manner olT living, their character, and 
native custoins, etc. This may prove of historic iutercsl hereafter, 
if the facts bo nowhere else more circumstantially authenticated. 

Meteorology* — From 1856 to 1861 an appropriation was made from 
the agricoltnral fund of the Patent Office for assistance to the Insti- 
tution in collecting and reducing statistics relative to the climate of 
the United States. This was commenced while the Patent Office was 
under the direction of Judge Mason, but was suddenly discontinued 
under a change of administratit tn. The propriety of an appropriation 
for this purpose, from the fund above mentioned, must be evident to 
every one wiio reflects on the intimate connexion between meteorology 
and agriculture. A knowledge of the peculiarities of the climate of 
a country is an essential requisite for the adoption of a system of 
scientific culture. The average temperature of the Bpring, autumn, 
and of the growing season ; the ratio of tlie number of unfavor- 
able to favorable years ; the amount of rain, and moisture ; the 
average time of the occurrence of late and early frosts, are all facts 
of importance in the economical adaptation of the crops to a given lo- 
cality, in orde.r to obtain the maximum of produce from a definite 
amount of labor. 

The money received from the Patent Office was expended in assist- 
ing to defray the expense of the reductions of the observations, and 
m soon as the appropriation was stopped we were obliged to discon- 
tinue this ])art of the operations. The Institution, however, still con- 
tinues to derive some bench t from its association with the Patent 
Office, in receiving through it^ free of postage, the returned registers 
from the different obseirvers. 

Unfortunately, the postage law adopted at the last session of Con* 
gress prevents the correspondents on agriculture and meteorology 
from sending their reports by mail unless prepaid. This arrange- 
ment almost entirely stops the reception of these articles, for, since 
the service rendered is gratuitous, the observers cannot be expected 
to bear this additional burden. It is to be hoped that Coogress will 
so modify the law as to remove this obstruction to a correspondence 
of great importance to the agricultural interests of the country. 
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Owing to this restriction, the number of meteorological registers 
received during the past year has been diminished, and the transmis- 
gion of nearly all of them^wouid have been discontinued had not 
the Qpmmissioner of Agricultore, in view of their value to his 
departmeot, decided to advance to some of the observers the neces- 
sary postage stamps to affix to their registers. He would willingly 
have sent stamps to all, hot the tax would have been too heavy for 
the oflice ; he therefore found it necessary to h'mit the number, 
and m doing so endeavored to make such a selection as would secure 
registers from districts distributed as uniformly as possible in all the 
btates. Those observers, therefore, who have not been supplied 
with stamps should infer from this no disparagement of their observa- . 
tiona, for among those who have been omitted from the list are 
some whose registers are highly prized for their regularity and 
accQfftcy* 

Before it was knuu^n that thia arrangement would be made by the 
CotiHiii^aioner a circular was sent from this Institution to all the ob- 
servers, mentioning the new feature in the postage law, and requesting 
them to continue their observations, and retain the records until the 
law should be modified, or some arrangement could be made by which 
the observers wonld not be subject to the bnrden of postage.* 

Under the new organization of the Department of Agricoltare a 
renewed interest has been manifested by the Commissioner In the 
collection of meteorological statistics, and he has expressed the de&u e 
to co-operate with this Institution in continuing and extending the 
system of records of the weather which it had estabii^ihed with so 
mnch labor and expense. 

In order to obtain and diffuse a knowledge of facts of immediate 
importance to agriculturists, tlie Commissioner has commenced the 
publication of a monthly bulletin giving the state of the crops, the 
condition of the weather, and various other items of importance which 
are daily received from observers, and which wonld lose a considerable 
portion of their value were they sulfered to remain unpublished until 
the end of the year. For this bulletin the Inatitution supplies the 
meteorological materials, consisting of the mean, maximum, and 
minimum temperature and amount of rain for each month in different 
States, and also, for the purpose of comparison, the mean temperature 
and amount of rain for a series of five years, grouped by States } 

* i law htut been changed since the above w«b wiittan, tad obfervan can MOd thrfr 
mrteocoiogicA^ rcgistoCT, or odicr commnnkmtlont, to the "CwmniMimMraf AgriciiltBW^"<iSfc 
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together with tables of important atraoapheric changes, and notices 
of auroras, meteors, and nfhcr periodical ]»iieiiomena. Tlio publica- 
tion has been received wiih much favor by agriculturists, and is 
regarded with great interest by the observers, who are thoa fdr- 
X nished promptly with a general summary of the principal featureB 
of the meteorol<^ of each month in all parts of the 'country, with 
which they can compare their own observations. 

In viow of the value of the information thus furnished by the 
Institution, it is hoped that the previous appropriation will be 
reuovved, and that the reductions which have been discoutiuued for 
the last four years may bo resumed. 

The second volume of the Results of Meteorological Observations 
made for the Institution, from 1854 to 1859, and reduced by Professor 
Coffin, is still in the press, its completion being delayed by the great 
pressure, upon the public printing office, of government work relative 
to the war. 

We are indebted to the courtesy of Captain (now General) George 
G. Meade, of the topographical engineers, superintendent of the 
survey of the north and northwestern lakes, and of his successor in 
office, Lieutenant Colonel J. D. Graham, for a continuation of the 
favor formerly extended to the Institution in furnishing us with copies 
of the meteorological observations made at the different stations estab-* 
Ushed for the survey. These records are very valuable, being made 
Willi lull sots of instniinents and at important [ilaces. They em- 
brace oliscrvatioiis madu three times a day, at the same Luurs with 
the Smithsonian system, 1 a. m. and 2 and 9 p. m., and at ten sta- 
tions, extending from Superior City in the State of Wisconsin, at the 
western extremity of Lake Superior, to Sackett's Harbor in New 
York, on the east end of Lake Ontario. 

The Bureau of Medicine and Surgery of the Navy Department also 
continues to furnish us with the meteorological records kept at the 
naval hospitals at Chelsea, New York, and Philadelphia. 

For several years previous to the commencoment of the war a large 
map. was exhibited in the Smithsonian Institution on which was daily 
represented the direction of the wind and face of the sky over the 
greater portion of the United States; and in previous reports we have 
frequently cailud attention to the fact that a properly organized sys- 
tem for giving daily or half daily changes of the weather in distant 
parts of the United States would be of great practical importance to 
the shipping interests of the country ; we have also stated the fact 
that we. are much more favorably situated for predicting the coming 
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weather thsD the meteorologists of Earope. The stomiB in our 1ati« 

tade geiiorally move from west to east, SDd, since our seaboard is on 
the eastern side of a prreat continent, we can Iiave informiition of the 
approacliinf!; storm while it is still hundre'ls of miles to the west of ns. 
Not BO with the meteorologists of Europe, since they reside on the 
western side of a continent, and can have no telegraphic dispatches 
from the ocean. The proposition, however, to furnish constant 
information of this kind could not be carried out by the limited 
means of the Smithsonian Institution, and, indeed, can only be 
rendered properly and fully serviceable under the direction and at the 
expense of the government. 

New and interesting features have been introduced into the daily 
meteorological bulletin publislied by the Imperial Observatory at 
Paris. As mentioned in the last report^ these bulletins are litho- 
graphed each day from records of the barometer, thermometer, wind, 
and face of the sky, compiled from telegraphic reports transmitted to 
the observatory from various parts of Europe. In addition to these, 
they now contain daily a small outline chart of Europe upon which 
are drawn diagrams showini; the barometric onrve of the day through 
the various stations, together with the temperatni o and direction and 
force of the wind. For the use of vessels about to leave port, a state- 
ment is also given of what will probably be the direction of the wind 
the next day. Chambers of commerce and intelligent seamen have 
acknowledged in strong language the benefit of these daily bulletins, 
thus adding to the ever-accumulating testimony in favor not only of 
the speculative interest but also practical beneOts of meteorology. 
At Bordeaux, Havro. and other important ports, as soon as tlio bul- 
letins are received, the telegraphic announcement of the weather and 
the probable direction of wind for the following day are posted in 
public places and famished to the principal newspapers for publica* 
tion. The bulletin also contains extracts from the correspondents of 
the observatory on astronomical and other subjects as well as meteo* 
rology. With the number for December 20, a supplement was issued 
with a diagram exhibiting the indications of the self-registering instru- 
ments at the Royal Observatory, Greenwich, during the great storm 
on the Engliah coast in the tirst three days of December, 1803. 

LdboToiory, — ^The principal work which has been done in the 
laboratory daring the past year is an extended series of cx^iLTiments 
on the properties of different kinds of oil inter.dcd for light-house 

pur|H)>os. For a niiinlx r of years pa.st tlie price ot' .-perm oil has 
been constantly incroasiug, and from a dollar per gallon it had ad- 
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Tanced last year to two dollars and forty-three cents. It became, 
therefore, au important matter to the Light-hooae Board to determine 
whether some other burning material coald not be introduced in the 
place of so expensive an article. The investigation of this subject 
was given in charge to mjself, as the chairman of the Oommittee on 
Experiments. The result of the investigations not onlj revealed 
» number of new phenomena of interest to science, but also estab- 
liijlicd the im|)(jrtant practical fact of tho superiority of winter 
strained lard oil over standard sperm oil in the intensity of tho light, 
the steadiness nn<\ persistence of the flame, and the less care required 
in* attendance. This fact must have an important bearing on the cost 
of lighting the extended coast of the United States, as well as upon 
the commercial value of one of the staple products of the western 
part of our Union. The price of lard oil is, at |)resent, considerably 
less than one-half of that of bperm, and while tho supply of sperm oil 
has remained stationary, or even diminished with an increasing de- 
man<i, the sources of lard oil in the country are abundant, and the 
quantity which can be produced will be sufficient to meet almost an 
unlimited consumption. 

Another series of experiments was made for determining tho proper 
arrangements of reflectors and lenses for illuminating distant ob- 
jects either by tlio electric or the calcium light. These experiments 
were instituted at the suggestion of the Navy Department, but as no 
appropriation was made for their being carried into practice, they 
were discontinued, and the knowledge obtained remains unapplied. 

Collections of specimens of natural kifttory, dec. — In several of the 
preceding reports a distinction has been drawn between the coUec- 
> tion of specimens of natural history made through the agency of 
this Institution, and what is called the Smithsonian museum. .The 
object of making large collections of duplicate specimens is, first, to 
advance science by furnishing to original investigators new materials 
for critical study; and second, to assist in dilfusing knowledge, by 
providing colleges, academies, and other educational establishments, 
with labelled specimens to illustrate tho various productions of nature, 
while the principal end to be attained by the public museum of the 
Institution is the gratification and instruction of the inhabitants and 
visitors of the city of Washington. 

The collecting and distributing of a largo number of specimens, for 
tho purpose stated, is an important means of increasing and diti'iising 
knowledge, and, as such, is in strict accordance with the will of tho 
founder of the Institution. It has, therefore, from the first received 
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mnch attention, and has been attended with a commcnBurate amount 
of beneiiciai results. Among the collections received during the past 
year have been specimens of great interest^ either the results of 
explorations, undertaken by the Institatton, or of exehanges with 
indiyidnals or local societies. The materials thus collected belong 
principall)^ to two classes, namely, to specimens of new or rare forme 
intend«j<] to advance natural history and dnplicutcrf of such as are to 
be labcll(,'d and distributed for the purposes oi" education. Among 
the former arc the collections of Mr. Kcnnicott, whose explorations 
have been mentioned in previous reports. They are of a very yalti* 
able character, iiluBtratiog the natural history and ethnology of the 
northwestern portions of the continent of North America. The 
specimens received in 1863, from this exploration, filled forty boxes 
and packages, weighing, in the aggregate, 3.000 pounds. They em- 
brace in the line of natnral history thousands of skins of niammuls 
and birds, eggs, nests, skeletoned, h.^hes, iDs^ccts, fossils, plants, &c. 
In the line of ethnology are skulls, dresses, weapons, implements, 
utensils, instruments of the chase, in short, all the requisite material 
to illustrate the .peculiarities of the Esquimaux and different tribes of 
Indians inhabiting the northwest regions. 

In addition to the collections obtained from the British possessions 
in North America, by Mr. Kennieott, specimens have been received 
from other points and other parties. Among these are a series of 
birds and eggs from Labrador, gathered Ijy Mr. Henry Connollv. and 
a large amount of new material from Mexico, collected by John Xantas, 
under the auspices and at the expense of the Institution, consisting of 
birds, fishes, reptiles, shells, &c. Another series from the same country 
has been presented by Dr. Sartorius, who has, for a number of years^ 
been one of the meteorological observers of the Institution. Inter* 
esting collections have been received, also, from Dr. A. Van Frantzius, 
of Costa Kica; from Mr. Osbert Salvin, of Guatemala; from Captain 
J. M. Dow, of Panama; specimens from Cuba have been j)rc?eiited 
by Mr. C. Wright and Prof. Poey; from J'riit-dad, by Mr. Galody, 
United States consul; from Jamaica, by Mr. W. T. March,* from Ecxu^ 
dor, by the Hon. T« Buckalew, now of the United States Senate. 
A valuable contribution of birds and mammals has also been received 
from Proi Sumichrast, of Orizaba. These collections are all intended 
to illustrate the natural history of the American continents, to tho 
invoBtigatiou of whose extewied regions the Institution has especially 
directed its labors. 

In order to facilitate the preparation of a work on the birds of 
America, by Prof. Batrd, a circular from the Institution was dis- 
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tributed through the State Department to the consular and diplomatic 
agents of the United States in Central and South America, asking aid 
in completing the collection of birds, and we donbt not that mnch 
new and valnable material will thus be obtained. 

The following are the rules which have beou adapted in regard to 
the dispoailioii and use of the collections: 

Fi/'st. To advance original science, the duplicate type specimens 
are distributed as widely as possible to scieotifio institutions in this 
and other countries, to be used in identifying the species and genera 
which have been described. 

Second. For the purposes of education, duplicate sets of specimens, 
proptJily labelled, are presented to colleges and other institutions of 
learning in this country, 

. Third, These donations are made on condition that due credit is to 
be given the Institution in the labelling of the specimens, and in all 
accounts which may be published of them. 

Fourth, Specimens are presented to foreign institutions, on condi- 
tion that if type specimens are wanted for comparison or other use 
in this country they will bo furnislicd wlien required. 

Fifth, In return for spfuirncns which maybe presented to colleges 
and other institutions, culiuctioQS from localities in their vicinity shall 
be furnished when wanted. 

In the disposition of the undescribed specimens of the collection, 
the following considerations have been observed as governing pnn« 
ciples: 

First. The original specimens are not to be intrusted for descrip- 
tiou to inexperienced persons, but to those only who have given evi- 
dence of ability properly to perform the work. 

Strf>vjl. Preference is to be given to those who have been engaged 
m the laborious and difficult enterprise of making complete mono- 
graphs. 

Third. The investigator may be allowed, in certain cases, to take 

tbu sjpecimeus to his place of residence, and to retain them for study 
a reasonable time. 

Fourth, The use of the specimens is only to bo allowed on condition 
that a series of types for the Smithsonian museum will be selected 
and properly labelled, and the whole returned in good condition. 

Fiflh, In any publications which may be made of results derived from 
an investigation of the materials from tho Smithsoiiian collection, ^11 
credit must be accorded to the Institution for 'the facilities which 
have been afforded. 
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Daring the past yoar the assorting labelling of tbe specimens 
have been continued, as well as the distribution of duplicates. 

The whole number of entries on tbe record book of the Smithsonian 
collection, at the end of the year 1861, was 66,075 ; at the end of 

18G2, 74,7G4, an-l at tlio cud oi' 18G3, 8G,847 ; but e;,cb entry indi- 
eaten a lot consibliug of a iiuinl)er dt' speciinenB. Tlu? wliule nuiiihi-r 
of flnplicato specimens di.strtbuliMl to diU'ereiit institutions in this 
country and abroad, up to the end of tho year ISU,^, has been 94,713. 
As these specimens arc distributed on the express condition that fnll 
- credit is to be given to tbe Institution on the labeU, and in all pub- 
lications which may relate to them, the name of Smithson, even 
through this distribution alone, would become familiarly known in 
every part of the civilized world. 

It has been, from the fust, one of tho prominent objects of the 
Institution to collect the most anijtlc materials for illustrating the 
entire natural history of North America j to determine the difTerent 
species' of plants and of animals ; to ascertain the distribution of the 
former, and the migrations of the latter. This object it has endea* 
yored to accofnplish throngh- the agency of the different surveying 
expeditions of government ; through explorations instituted at its own 
expense, and by enlisting the co-operation of individuals interested 
in science, and uf local scientific societies. In all its cUbrts in this 
line it has been heartily snjii)ortcd. and it is believed that its labors 
have been productive of valuable results. The collections thus made 
have been intrusted to competent investigators for examination and 
description, and the results published in the different Smithsonian 
series, in transactions of societies, and in various government reports* 
For a list of what has already been prepared and published, either 
by the Institution or under its direction, I would refer to a report on 
this subject in preparation by Professor Baird. 

Muaeum. — The additions to tho museum, in the line of natural his* 
tory, are principally confined to the type specimens which have been 
ooUected aivl described at the expense of the general government, or 
under the immediate auspices of the Institution. Even thus restr ictcd, 
the specimens increase in inunbcr more rapidly than the i)ortioii of 
the Smithsonian fund which can be devoted to their support will 
authorize. Few persona have an idea of the labor, constant care, and 
. expense which attends the proper preservation of a series of objects 
of natural history ; but those who have had the necessary experience 
know that laige miBcellaneona collections can only be properly snp- 
ported by govemments | and, in the establishment of provincial socio* 
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tios, the rule has been strougly recommended of nttemptinc^ to pre- 
serve Qothiug except wil l t is Ftrictly local. "It tlio cxpeiiciico 
of Bocieties," says Dr. Jardine,* the celebrated Scotch Daturultst, 

« 

**that general collections are encnmbrances, and in most instances 
get destroyed for want of care, or tbej are dispersed. Within these 
few jears the really fine and valuable collection of the Zoological 

Society of London, chiefly presented by the late N, A. Vigors, a 
first-rate nchular and naturalist, and containing many iini(|Ut} things 
from our scientific exploratory voyages, lias heen sold. That of the 
Entomological Society has also heen sold, and tlje greater part of that 
belonging to the Linnssan Society was sold daring the last month, 
becaase there was not snfficient space to keep what had been pre- 
sen^d to them. The collection of the Royal Society of Edinburgh 
is now undergoing the same process." 

During the past year the work of labelling the specimen? in the 
museuni, so that tlie cummon, as well as the scientillc name of each 
article may be distinctly exhibited, has been continued. 

EaqphraHona. — The only explorations during the past year, under 
the auspices and at the expense of the Institution, are, 1st, the con* 
tinuation of that of Mr. Xantus on the western coast of Mexico ; and, 

2d, that by Mr. Mc'jk in New Jersey and the lower |)art of Virginia. 
The explorations of Mr. Xantus extended several hundred miles 
along the western coast of Mexico in a region little known, and very 
abiiiidant in interesting objects. 

The exploration of Mr. Meek related to the collection of complete 
series of shells to illustrate the tertiary formation of the seaboard of 
New Jersey and Virginia. Several series of shells were obtained, 
whicli arc in the process of being accurately labelled, and are intended 
for distribution to some of the principal colleges of the country. 

JSxchaTiges* — ^The important aid rendered to science and literature 
by the system of international exchange which has for many years 
been actively carried on by the Institution, is still everyiyhere higlily 
appreciated. Our operations in this line are becoming more and 

more extensive, requiring an additional amount of time, labor, and 
attention, as well as largely increasing in expense. The great liber- 
ality of many of the transportation companies alone enables us to 
carry on the system in its present extent, and wo again tender our 
acknowledgments, especially to the following parties, who have 



* AddieM of Sir W. Jardine^ pnsideat of the DaafiioBihin sod Gtltowaj Natanl Hlatoij 
nd Antiqoaiteik Sodofy, Deeember, 1863 
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aesiated os io this respect : The North German Itloyd^ between Bre* 
men and New York ; the Hamburg and New York ateamship line ; 

the Cunard lino ; the Panauiii Railroad Coiupauy ; the Pacific Mai) 
Steamship Company j Adams's Express Company, and the Hudson's 
Bay Company. 

During the past year it was deemed advisable to establish a new 
agency of exchanges fob Holland and Belginm, and Mr, Fred. 
Mnller, bookseller, at Amsterdam, who was appointed the agent, 
has entered upon the discharge of his duties with zeal a^iJ cllicioncy. 
The Duuibers of the transactions of the societies in the countries 
referred to necessary to complete the sets in the Smithsonian library, 
as well as much other valuable scientific aud literary material, have 
been procured by him. The other foreign agents of the lustitution 
are still Dr. Felix Flogel, Leipsic, Mr. Wesley, London, and Gustavo 
Bossange, Paris. 

From the tabular statement given by Pruiessor Baird, it appears 
that during the year 18G3 there have been sent to foreign countries 
1,426 packages, each containing a number of articles, enclosed in 61 
boxes, measuring 441 cubic feet, and weighing 10,286 pounds.' The 
number of packages received in return for societies and individuals in 
this country was 1,522, Included in which, for the Smithsonian lusti- 
tution; were 4,589 books and pamphlets, besides specimens of natural 
history. 

lAbrary. — The policy in regard to the library as has frequently 
been previously stated, is to form a collection as perfect as possible 
of all the tranactions and proceedings of the learned societies of the 

world. The success of the Institution in tUia entor[)rise lias been fully 
commensurate with the expectations entertained, and the eullectioii of 
works of this class, if the accumulation continues under the .^amo f:ivor- 
able conditions, will soon rival any other of a like kind in the world. 
The liberal distribution which the Institution has madoof its own pub* 
licationsand ^oseof government has produced a rich return in series 
of transactiontf which, although existing as duplicates in some of the 
older libraries of Burope, can scarcely be obtained by purchase. 

It was mentioned in the last report that the number of transactions 
and jtroeeeiiin^^s of learned societies contained in the library of tho 
lostitution had increased so much that a now edition of the cata* 
logue previously published had become necessary. This work has 
since been put to press, and will be printed as rapidly as the care 
necessary to insure acccuracy will permit Copies of this catalogue 
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will be distributed to all the principal libraries of the country, imd 
with the liberal policy which has been adopted in roc^ard to the Ixxjks 
of the SmitbsoniaQ coUectioo, will serve to render the library more 
generally useful. 

By exchanges there have been received 719 octavos, 167 quartos, 
and 24 folios ; of parts of volumes and pamphlets, in octavo, 2, 1 19 ; 
in quarto, 779 ; in folio, 581 ; maps and charts 200 ; total, 4,589. 
In addition to these about 400 volumes were purcha.^ed. 

Among the valuable workd received during the year, are the fol- 
lowing : 

55 volumes from the Royal Library of StocLiiohn. 
Comptes-Rendus, 1859, 1860, 1861, with atlas, from the Commission 
Imperiale Archsslogique, St. Petersburg. 

12 volumes and 18 parts of volumes from the Koninlijk Instttut des 

IiiL'onicurs, d' Gruven!i;i;^o. 

62 vuliim< s and U4 i><lijiphlets from the Nederlaudsch Maatschappig 
ter Bevordering van Nijverlieid, liaailem. 

10 volumes of its own publications from the Societe pour la recherche 
et la conservation des Monuments Historiques du Grand Duchd de 
Luxembourg, Luxembourg. 

24 volumes and 12 parts from the Kaiserliphe Akademie der Wis- 
senschaften, Vicuna. 

9 volumes and 2j) charts from the Etablissement Gi^ographique de 
Bruxelies. 

21 vohimes of Proceedings from the Society d' Agriculture, Com- 
merce, Science et Arts du Dept. de la Marne. 

24 volumes of Proceedings and Transactions from the Institution 
of Civil Engineers, London. 

36 Tolumes and 114 charts from the Board of Admiralty, London. 

hnrc'Q donations from the Roval University of Nor:v iv. 

Braddam s Memoirs of tlie lloyal Society of Loudun, vol. 1 — X, 
1745, from Mrs. Mary A. Multhie, Syracuse, New Yot k. 

26 volumes from the Begents of the University in behalf of the 
State of New York. 

Lectures, — ^The usual course of lectures has been commenced for the 
. present season, and will embrace the following : 

Five lectures, by Be v. John Lord, of New York, on the *'Fali of 
the Roman Empire.'' Sul^ects. — L The grandeur and glory of the 
Ancient Civilization — ^Tbe external splendor of the Roman Em- 
pire in its latter days. XL The internal hollo wneua and defects 
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of the old Homan civilization — ^Tfae shame and miseries of society — 

The vices of sell" interest, and prcparati6n for violence and inev- 
itable ruin. III. Tlio fall of the empire, and the desolations pro- 
duced by the barbarians — The destruction of the old fabric of so- 
ciety. IV. The reasons why the old conservative influences of 
paganism did not arrest the ruin — ^Tbe failure of art, literature, and 
science, and the mechanism of governments. V. The reasons why 
Christianity did not save the Empire, and the ideas which the church 
incorporated with snbsequent civilizations — ^The foundation of the 
new Teutonic structure. 

Three lectures, by Professor Louis Agassiz, of Cambridge, Massa- 
chusetts, on the " Glacial period." 

t ^^^^ 

One lecture, by Professor J. L. Campbell, of Wabash College, on 
"GaliW 

,Seven lectures, by Dr. Reinhold Solger, on "The Races of Men." 
Six lectures, by Professor W. D. Whitney, of Yale College, on 

" Philology.*' I. History and objects of linguistic science — Plan of 
these lectures — Why and liow do \vc speak Enj^lish — How language 
iM iTL'served and perpetuated — Its constant ehange — The study of 
laugu a / ' an historical science. II, Illustration of the processes of 
growth and change in language — ^Formation of words by combination 
of old materials-^Mutilation and corruption of existing forms — Change 
and development of meaning — ^Rate of progress of these changes. 
III. Statement and itlustration of the In6nences causing the growth 
of dialects, and those clieckin^ and counteracting this growth — Our 
language a Gernianie dialect, with partly French vocabulary — Other 
langnap-cs mth which it is related — Branches of the Indo-European 
family of languages, and proof that they are of common descent^ 
Place, period, and grade of civilization of the original tribe. IV. Uis- 
torical and linguistic importance of the Indo-European race and lan- 
guage — History of the language — ^Its development from monosyllabic 
roots. V. Survey of the other great families of language, Semitic, 
Scythian, Chinese, Polynesian. Ei^yptian, African, and American — 
Isolated languages not included iu these families. VI. Comparative 
value of linguistic and ph3'6ical evidence of race, and their relative 
bearing on the science of ethnology — Relation of the study of language 
to the question of the unity of the human race -origin of language — 
Its character and value to the human race.* 

The number of ajtplicatiops for the use of the lecturo-room has 

' A smopssh of tliiR rooiM of iectniM hat been fomisbed by tbe aaibor for inMftion in tbs 
appcBilix to this report. 
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been mach less since the adoption of the rule restricting its use to 
the purposes of the Institution exclusively has become more gener- 
ally kno^D. This rule, which has heen widely approved of by the 
eulighteued public, has precluded a large amount of unprofitable cor- 
respoodence and enabled the Institution to avoid an embarrassing and 
inauspicious connexion with sensational expositions of the exciting 
subjects of the day. 

From the preceding account of the present condition of the Insti- 
tutioD, and of its operations during the past year, as well as from the 
examination of the collections and publications, it is hoped that, not- 
withstanding the unfavorable oondilioa of the couatry for SLientific 
research, and the dimiuiciUed iiu aiis at our command, it will appear 
that the imc ot policy and of action originally adopted has been pur- 
sued with unabated ardor and with corresponding success. 
Respectfully submitted. 

JOSEPH HEXBY, Secniary, 

Washington, 1864. 
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Smith.soman Institution, 

WasAingiott, December 31, 1863. 
SiB: I have the honor to present herewith a report, fur 1SG3, of the opera- 
tions iutruated to my charge, consisting especially of those relating to the 
printiDg, the exchanges, and the collections of natural ^Listoiy. 
Very respectfhlly, jonr obedient servant, 

SPENCER F. BAIUD. 
AMtUtaiU Secretary Smilhsoman huiUutum* 

Piof. Joseph Qbnby, LL.D., 

SecreUtrjf SmitkMmian LutUmHtm. 

PBINTtNO. 

An accompanying tahle will show the works printed during the year, and 
also those now in press. The total number of pa^cc belonging to woru finished 
within the year is: 

Oi" ijuarto papers libO pai;*'.-*, ;i ^jlates. 

Oclavu ^iisctUaneoua CoUeclioiis pages. 

Of wotIls still in press there have been printed : 

Of quarto works, about 108 pages. 

Octavo 443 pages. 

Making a total of 4^38 quarto pip s, and 1 T oG octavo, exclusive of the annual 
report to Uougieiiii, nearly iinuihcd, and to till 460 pages. 

BXCHASOBS AND TEANSPOBTATION. 

The «y.~t(.ni of f xchnniTOrf has been in a lii'^lily «nrpp^sfnl ronf1itir»ii during 
lbl*%i, both ihc receipt- ami transmisaionsi brin;; tally i ijual to tix- a\t'ra<r<' of 
any previous year. '1 lie utteudaiU expenseri. oi ihi.-? branch of operations are, 
however, great and increasing, and would long t^inco have become a!most~pro- 
hibitory but for the liberality exhibited by various trani^portatton companies in 
carrying the boxes and parcels of the Institut ion free of any charge:^ for freight. It 
is not too much to t<;iy that thousand:* of <l.illar> arc thu?< presented by tbe com- 
pr\!ii( s ad a recognition on tht ir part of ihu gn'at importance, dom«'-iic ;h well 

imeruational, of these opc-rationrt ot the luotituiiou. Among the parlicrs de- 
i>er\-iug of especial mention in this connexion arc the pronricton} of the Canard 
steamers between New York and Liverpool, and New York and Havana ; the 
North German Lloyd, between New York and IJrcmen ; the Hamburg American 
Packet Company, between Xew York and Hamburg; the l*anama Kailmad 
Com]) niy ; tlte I'acilic Mail bteamc^hip Company ; the Hudson's Bay Company; 
the Adams Express Company, &c. 
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The Institution ia under especial obligations, for important services rendered 
in this connexion, to the Hon. Hiram Bamej* collector of the port of New York* 
and to his assistant, Mr. George HtUier; to Mr. A. B. ForbcBandMr. Habbard^ 
of the Pacific Mail Stcam^^bip Companj, in San Francisco, as well as to the 
regular n^fnts of llic Institution. 

During till' year, 18G3, n new literary agonry of the Institution wae e-itnblishrd 
for IloUaad aud Belgium. Mr. Frederick Muiler, bookseller, of Amsteraam, was 
placed in charge, and he has already rendered mnch service. The other foreign 
agents of the Institution — Di. FcHx Fliigel, of Leipaic; Gustave Bossange & 
Company, of Paris ; and Mr. William Wesley, of London — ^continue to dis- 
charge their duties with efficiency, and to the fall satisfaction of the Insti- 
tution. 

The number of institutions and individuals, at home and abroad, making use 
of the facilities of scientific exchange offered bj the Smithsonian Institntion ia 
continually on the incrq|tse, and it is belieycd that any interruntion or saspen- 
sion of this part of the programme of operations would be oonsiaered as a Berioas 

calamity. 

In 1&G2 the luptitmion di-tributed four volr.inc,>i of Mi**co]]anoou8 Collections, 
one volume of Annual lirports, and one thick q^uarto volume of Meteorological 
Becords and Beductions. In 1863, owing to varibns eirenmstances, the Annual 
Beport for 1861 was the only volume distributed, although many copies of 
separate papers were sent abroad. For this reason the bulk of sending, in 1863, 
wn? loss t^r !i that of previous years, but it is expected that the difference will 
be fully niadt' up in 1SG4. 

The ibllowing tables exhibit the details of the operations in the lino of ex- 
change during 1S63: . ^ 

A. 

Receipt of books, Sfc„ by exchange in 1863. 



Volumes : 

Octavo.....* 719 

Quarto ; 167 

FoUo %A 

910 

Parts of volumes and pamphlets : 

Octavo 2, 119 

Quarto 779 

Folio 681 

3, 479 

Maps and charts i 200 



Total 4.689 



fieceipts in 1861 i^, 886 

' Beeeipts in 1862 5.035 
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Taile skawing the ttaiittkt of the exchanges qf ike Smkhsonian hutUutum 

m 1663. 



\tfOT\t AJi^l PYinntTiT 


Number of ad- 
dresses. 


d 

o ? 
t & 

a 

'A 


Number of 
boxes. 


a 

o 3 
? 

n 


^ SP 

K . 

O » 
"3 
<^ C3 
O =S 
— D 

.s a. 


Dr. Felix Fluoel, Lcipsic-^ 


I 
13 

4 
13 

42 
2G5 
30 
10 


1 

31 
14 
31 
76 

455 
58 
































Kussia 


• 




•••• 








FKEDEKiCK. MtLLi;u, AmsUrdam — 


24 








378 


600 { 96 aOd 


3»500 


40 


Bl 


• 






009TAVR BOSSANCK & Co., Paris — 






40 


«1 


4 1 ai 


1,006 


107 
58 
7 
4 


180 
05 
16 

8 


1 












r 












W. Wesley, London — 








176 


299 1 13 1 


2, 800 


iCd 


316 1 14 ! lOG 


2,560 


20 


40 1 4 1 80 


400 


7v**3 




61 


447 


10,286 



c. 

Addreued paekage$ reeeired hy the Smithsomian Ikatitution from partiee im 

America Jorjoreign dietribtUion m 1863. 



Mbany, N. — Number of pockagtf. 

Prof. James Hall 9 

Boston, Mass. — 

Airtf tiran Ac^Homy of Artd iim\ Sciences 116 * 

Bo.«itoii rxicieiy ot Natural History' 205 

C. J. Sprague 1 

Cambridgtf Mass. — 

IIarvar»l Colb'f^c 31 

^lusi iuii oi' ('•tinp.u alive Zuology 342 

Alcxuuder Aj^.i.-^iii 34 

Prof. Asa Omy ^ 80 

Julcft Marcoa C 
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Cleveland., Ohio — 

Dr. J. S. Nc wbcrrj GO 

Ohio State Board of Agriculture 102 

Detroit, Midi. — 

Lieut. Col. J. D. Graham, U. S. A 66 

Jamesvillet Wis. — 

Institution for tbe Blind 73 

ft 

Montreal, Can. — 

Prof. J. W. Dawson 7 

Xew Haven, Conn, — 
* 

American Journal of Science. 18 

American Oriental Society. • « 8 

Prof. J, D. Dana 16 

New York, X. Y.— 

3Ierc;ititi1o I.ihiury 10 

New York Lyceum of Natural History • 101 

PAiladelphia, Paj-~ 

Academy of Natural SciencoB 165 

entomological Society of Philadelphia 9 

PhHrmacL-uiif nl A ssociation 100 

George W. Try on 57 

Santa Bariara, Cal,^ 

A. 8. Taylor 60 

St. Louis, Mo — 

St. Louia Academy of Sciences 172 

Salem, Mass. — 

Prof. J. S. RnsseU 1 

TbrofUo, Can. — 

Canadian Institute. • 6 

Uiica» N. Y. — 

State Lunatic Asylum • 4 

WashiMgUm, £>* C.-^ 

United States Coast Survey 672 

United States National Observatory 149 

VmU'd Statcrt Patent Office 4G5 

Supcriateiidcnt of CeubUiJ 200 

J. 10. Uilgard 15 

Windsor, Xova Srofia — 

Prof. U. Uow..... 18 

3,310 
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ArPi^MJiX TO iilE liEPOET OF THE SKCiiEXAiiY. 



Addretted packages receired hi; tJic ^^mithyrynhn Jn^^ifutUm from £uropet frr 

distribution m America, in iStiS. 




o. 



ALBAinr, KEW TOBK. 

Albaaj Institato ^, 

Albany Libraiy , 

Dudley Ob(«eT\ atory 

New York titato Africultor^Societjr., 

New York 8tato LTbrary 

New York SJato Medical Society.... 

Kew York titato University 

Dr. E. BiiniiHyiu. .............. .... 

ProfiMSor Jftmea. H«ll 

AMRKRST, MASSACnVSETTS. 

Amherst Collopfo 

Dr. E. Hitchcock 

ChoilcM II. Hitchcock 

Frolessor CbAri«8 Upbam Sbepberd. 

AlfVAPOLIS, MAETLAim. 

Stato Library , 

ANN ARBOR, MtCIOOAH. 

Obiinratoiy 

Dr. Bnmnow 

AVOU8TA, MAIHB. 

£tato Library , 

BALTDCORB, MARTLAXIK 

Maryland HiBtorieal Society , 

Peabody In»titnto 

Dr. J. J. Grttvog , 

Dr. John G. Hofris 

P.B.inUer , 

BOSTOW, HASSACHUHin'I'S* 

American Academy of Arts and 8ci- 
eocctf 1 

Bn<tton Society of Natuml UistMy . . 

IJowditcli Library , 

Geologicftl BtUT^ of Uamcba- 
sotts , 

lfaMacbuflctt« ilistorical Society. .... 

K«w England Hbtorioo^seAlogioil 
Society 

North Americau Uevicw , 

Ftokim* Institute for tho Blind , 

Prison Ds^< ij.lino fiodotj 

Pablio Library 

fllato library 

Dr. S. I,. Abbott , 

Dr. T. W. JJanris - , 



2 
1 

G 
2i) 
21 
J 
4 
1 
4 



4 
2 
1 
2 



2 
4 



2 
1 
1 
4 
2 



86 
G5 
1 

3 
3 

1 
1 
1 
1 
4 
4 
1 
1 



BOSTOW, MASS.— Conlimiod. 



Professor C. J. Jackson. 
Professor Rogers 

8. II. Sni.Mi r 

Charles Spraguo. 



Icknor 

BRATTLEBORO', VERMOST. 

A«ylnni for Insane 



BRUNSWICK, MAtMB. 



Historical Society of Maine.. 

BDBUKGTOir, IOWA. 



Iowa Historical and Genealogical In- 
slitnle 



BCBUirGTON, TBBMOIIT. 

UniTorsi^ of VermoDt....* 

CAMDRIDOB, MASSACHUSKlTB. 

American Associatloii for Adtranoe- 

mont of Scion ce , 

Astronomical Juutuul. 

Harvard CoUepe , 

Obser>-atory ol Harvard ColIe{ro 

Professor L. Agas^iz , 

G. P. Bond 

Prof. s-.or H. J. Clark 

Pruli^sur J. P. Cooke 

Dr. Jolin Dean 

Hon. Edward T'vcK tf 

Dr. l\. A. (ion Id 

I'rofessor Asa (Jray 

Professor H. W. I^oii^fellow 

Professor J. Luvt^riug 

ProfcKsor Jules Maroou . .... ........ 

Professor B. Peirce , 

F. W. Putnam 

Dr. T. H. Safford 

Profe<)Kor G. A. ficbmit 

Mr. Tuttle 



ClIICAGn, ILLINOIS, 



Academy of Science 
Mecbanios* Institute , 



cBtconiATif oniOi 

Astronomical Obtcrvatoiy 

Drntnl Ilr^^Isfer of the Wo.«:t 

Ilistorical and Philosophical Society 

of Ohio 

Mrrcantilo LHir.iry ...••«. ••....*.•« 
John G. Anthony 



...... I 
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D. — Addressed packages received hy the Smit/uoniuH IiutUtUiont S[c. — Continaed. 



CUmOM. www TOES. 

Obeervatory of Hamilton College, 
ft. C. H. F. BMem 



COLUMBIA, MISSOURI. 

Oeol<^ical Snrvqy of Miaaonri... 

COLDMBIA, PEmfSTLYAIOA. 

Profesaor S. S. HalUtiiuttD . ...... 

COLUMBUS, omo. 



OUo Stale Bottud of AgiteoItDie. 

Stat*' Library 

Leo Lo»^ii«roux 



OOKOORD^ XBV HAMPSHIRS. 

Vtm HAmpaliln HiflMnical Society 
State UHmtj 



DEB IfOOTBS, IOWA. 

State liibruy 

HBTBOIT, MICBiaAN. 

Michigan State Agricaltaial Society. 
hkiuti-iuuii ColooelJ. D. Graliam... 
Dr. Tap|>au 



DORCHCSTEKt MASSACHUSErrfl* 

Dr. Edward Jarvis 

EAST OREENWICU, M£W YORK. 

Am Fitch 

BASTON. PENHSYLTANU. 

Fro£. J. H. Coffin 

rEANKFOKT, KKMTOCKT. 



Geological Sorvej of Kentackj. 
Sletolibnwy 



GAM^IBR, OHIO. 

Kcnyon College 

OBlMKOBTOWir, D. C. 



Geoivetown College 
l>r. H. ^rry 



HAUUSBinte, PBNVSTLTAinA. 



1 

9 



8 



Statu Library 

State Lnimuc Asyliain 



51 

4 
2 



1 
4 



21 



15 
6 
1 



liAIiTFOBD, CONNECTICUT. 

IliHtorlcnl F^oricty of Coonectieilfe...- 
Statu Library 



HAVANA, CUBA. 

Rojat Eeonomiciil Sodety. 



HUDSON, OHIO. 



Truleiisor Cbarlcs A. Young 



INDIAN APOUSt INDIANA. 



Indiana Hiatorieal Sodety. 
State Libraiy 



10 
4 



5 
1 

2 



IOWA cmr, IOWA. 

State UniverBity 

JACKSONTItLB, ILLIX0I8. 
Inatitotion for tlie Blind 

JAN£SVILLB, WISCONSIN, 

State Inafeitittioii for the Blind — 

JEFFERSON CITY, HTSSOimi. 



Historical Society of MisBOOri. 
iStute Library 



LANCASTER, OUIU. 

Dr. J. M. Bigeloitr 

LANSING, MICIIIOAN. 



State Apricuhural College. 
State Library 



L£ON, NEW TOBK. 

T. Apoleon Cheney 

UTTLE HOCK, ARKANSAS. 

State Library 

LOt'lSVILLE, KENTUCKY. 



Colonel Long 

Prot'essor J. Lavvienoe Smith. 
Di, L. P. Yamleti 
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"Dj—AddreBiedpaekag^treeeiped byik€8mitktomamLutUiitioi$, 4^«-^)oiiiitiii0d. 



HADUOM, W10CX>N8Ilf. 

Histi^rical Sncii'ty vf W fiiy'm 

8kiiut]iT!;ivi-kc l'itjdii«HForeiuii(r 

Stale Agiicuiiui^ Society 

Slule Idluurr 

MOHTPEUTER, TERMOBTT. 

UUtorieul in\<\ AuHqnurian tkHjiety of 

Vennon » 

Bta(e LDiriivy 

AibtxikUger 

M OSTEEAL, CAXADA EA0T. 

Hatnml Hwtorr Sodnty. ... 

Protos-ior l>iilii[jrs 

Thomiyj E. BiackweU 

Pror<'*!»«or J. W. Dawfon 

Sir \V. l.oizhu 

Profebiivr T. liuut 

If. Ta\j df> TiOthini^re 

new BRUKiiWICIL, KUW JKiUlEY, 

Gooloffit iil Snrv< v of \i vv Jertey.,.. 
PmfeMor ii«org« ii. Cook 

MEW HATEIft OOxm kCTICUT. 

AmeriGMi Jonmal of Sdenoe and Arts 

Adh'i icun < ii l( utal Socie^. 

Yak) CoiMwe 

VtciHuor J. D. Dana.... 

Profe>siir v.. 1 ■fiiiii.-i. .............. , 

Pro&«aor B. biiiimau 

FMtoor W. D, Whinwy 

VEW 0BI.EAN8» LODUUNA. 

New Orkau« AciKkiuj of JKiuural bci- 

HEW YOKE, v. Y, 

AsiricaQ Agncuitumt 

Amaikan Eumoldgical Society 

Iji tf r i ( a n Gtognplkal and Stetiatical 

boCHSt/ 

AflMrieaa Isttitata 

Astor I.ihrnry 

XBflofieftl sofit^tj 

Jatirnnl vi i'rtarmacy .............. . 

Mcdiral .... 

New Vtirk (.ilr I.UTmtir A^nrltun. .... 

New Voik Dfiitnl Joririirtl 

Ifow Yoik LgfOMUM ot J^aluiiU lii*iuf jr • 




I 
16 
9 



II 



3 



2 
3 



32 

1 1 
i 

18 

: ) 

4 



13 



J 
2 

S9 
1 
5 
1 

2 

1 

1 . 
1 I 

J I 



\V. <'o.'|i. r. 

Dr. 1 r 

Dr. D.-iTii.'] Eaton... 

T. K^l'->.t.m 

D. g: EJliot 

1. AV. (Sreene.... .. 

Dr. Hiirper 

r. F. .Inn^ 

C holies B. iS'uriou^. 
Edward Nortoa 

Temple Pnaie 

Jobn H. RwJfield... 

} Dr. J ohu Tomey . . . . 
Mr. Wheatley . . 



Mr. Ljman 

OLTMFIA, WASBDfOTOK TCIUUTORT. 

Teiritorial Libmiy i., 

OBUflA, MEBRASKA. 
8tBte Libnuy 

Mr. Pumpelly 

PEORtAf iLLurois. 

Dr. Breudei...... 



PfllLADELPHtA, PEHSSTLYAKU. 

A(^.'i<1i iti y of Niinr ;il Scif ncf s . . . . 

Central H'x^U School 

D*'l!l.ll ( ii-^ltin-, 

EutomoiofioU bociet/ ............ 

Franklin Institnta 

K:-:'i:ir;il Sui :( ;y uf I *i iinAylvania. 
Iii^iUiuuuu tui liiti iiiiiiU. .....^ .... 

W(Mrnt>r Free loftlitnte 

Dr. A.iMi 

A. !>. Batvvu .................. 

Loiia Blodg«t 

.T. Ca-in 

I'\ CJiiX^' ......................... 

T. A. Conrad. .................... 

Dr. K. D. Copo 

K. i\ CjtNMKm. ...... 
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E. Durrtinl 

IVofciisor llfil<kinaii 
Dr. I^tiac* Iv»'a — .«,.. 
Dr. J. L. Conte.- 
I)r. Josi-p)i Leidj. ... 
H. Norton 

G. Ord 

William SharswcuMl. . 

H. S, Tanner 

Geoiffe W. I^yon 

Prc>rt-s.-=;or ^yflCllor 

UofiUiu C. WuoU 



PBUVCBTOV, HEW JERSET. 



Pnrfiflbior A. Gnyot 

PBOVIDEHCB, BHOOB ISLAND. 



Rhotlf Iflnnd HIstoniciil Society' 

i^tatc Libriiry 

ProlMfor A. CaaweU 



QUEBEC, CAITADA EAST. 



Afltrononiiral Olisonuitury 

LaT&l Uiiivorsity 

latewy And Mlstoricai Society . 

Qimfcr, nuMois. 

Dr. John Rittor 

ROOL IBLASD, ILUNOId. 



Dr. Velio 



BYE, raw YORK. 

John C. Jiiy 

BACaUMEWTO, CALIFORNIA. 

fliiteljilinsy 



ST. LOUS, MISSOt UI. 

Deut«cbc InstitdU- ftir 1- oi<l< niii^'- der 

^Vis^t'US(■h.'itt^■u 

St. Louis Acncit my of gcieliees 

St. Louis L'liivrisity 

Dr. (roorpc Btruuyi> 

Dr. (George Engelmaon... 

Dr. Adnni Ilammfr 

Di. li. i\ Shumutd 

John Wolf. 



y 
'J 
]•,' 
t) 
H 
1 
I 
1 
1 
I 
J 
J 



ST* PAUL, MINNESOTA, 
HiBtoricftl Socwtj of St. Poul 

Essex Institate 

SAN PRANasCO, CALfPORNIA. 

Califiiniiii Ai'JnU'iny of Natural kH;!- 

Professor W. P. Blake' 



SANTIAGO, CHIU. 

I uivtjrhity 

SPRINGFIELD, ILLINOIS. 



o 



Shitf A irrricaltiUBl Sodetj 
State JLibrery 



I 

2 



1 

1 

2 



STOCKTON, CAUPORNIA. 

tituU; Lniifitif .\syluiii 

TORONTO, CANADA WEST. 

i;ur( 111 of Apiculture and Statistics.. 

( 'itiui'Iiati In>tit:iti.' 

iLug'ULtirul ikuJ Mctcorologiwl Obt^cr- 

vatoiy — 

Umversity College 



I 

2 



1 

1 
1 
. > 
i 

10 
1 



TOPEKA, KANSAS. 

State I.IliTury 

TRENTON, N£W JERSEY. 

State Libraiy 

FTICA, NEW YtUCK. 

btate Lunatic Adylam 

WASHINGTON, D. C* 

Btiiraii cf Onli::iiK'c and Hydrogiupby 

]^i!trn]"\ oT CoiiiiM'v.s 

Naiiuuul OottLi \ ai'iy ........ . . 

N.'tVT D^'parf nr'Tit 

< >i<iii;itirf I Jurt 

Ki'VriaH- I '»■]■:< lUitiUt . 

Src'n-t;uy nf" Sr.ito ........... 

Stiip-iMiti (M'tH :':it l 'iii;«>d States Army. 

■|'o|ni;ri';ipliiciil liuieau 

UuiUMi fetates Coast Surrey 

United States Patent Office 



2 



25 
4 



1 
4 



1 
7 

1 
1 



1 
4 

83 
3 
2 
1 
1 
3 
t 
23 
190 
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D. — Addressed packages received by the Smitksonian Institution, Sfc. — Continaed. 




WASHniGTOH, D. ContiiHisd. 



War Department 

Colonel J. G. Abort 

Vtolknot A. D. iimabB .... 

Dr. B. Cones 

The... oni 

Captain J. M. GUlias 

Chmeral Enuny. ••.•«•«... 

Mr. Glover 

Dr. F. V. Hajrdaa 

nrvAscor Hubbard 

General .\. A. Iluiiipbieya. 

Coionel U. Loug 

D. Bmltk HcCaolej 

RroteorO. A. SCaaie.... 



WAflanittTOii, D. a — C<mliaaed. 

T. Pfifclie 



Captain John Bodgen 
S. W. Siinm , 



H. R. Schoolemft ...... 

Dr. VV. Stimpsun 

W. A. Treadwttv 

H. tJlke 

Huron Vou He rolt 

Captaiii Cbarle» Wilkes. 
Jonn Xantofl 



WOaCESTCR, JiAil8ACUU9£TT8. 

, American Antiqnttrian Society.. •« 



1 

1 
1 
I 
5 
1 
1 
I 

a 
1 



Total of addresses. 
Total of parcels... 



273 



MVSEVM AND C0LLRCT10^fS. 



It is jxratityin;:^ to he able to .-^tate that tiie iuteret*t iu llic .•^uljcct of natural 
history, wiiich rtciuvLtl so maiorial a check iu 1501, and showed Byinploiusj of 
leviviU in 1862, has continued to loanifeet itBclf still more strongly duriog the 
year 1S63. No better indication of this could be found than in the increase in 
the num^M t of collections received by the Institution, which amounted to 264 
distinct (lunations in 1SG3, while, in 1SG2, there were but 121. 

Aiii'Mi;; iIm; ( mHi ctioTiH r»'ci ived have bt'eii many jjpecimenH of great interest; 
80iue, iliu rej<ult»of ^pi'ciai explorations under the auj«pic<i8 of the Inntitution for 
developing the natural history of portions of this continent; others, the ^ponta^ 
neons offerings ofcorrespondcnts; and others, again, exchangeH received in return 
for donations of tipeeiuit^-nt} on the part of the Institution. No additioos have 
been made by purchiu*^, the Ttistitntion imt lia\inu: fuii<ls at it^ command for 
this purpo.-se. It h,t?*. nt'v< iihi k;.r, Ik en found that a given amount of uioiicy 
can he belter applied in mci iing the expeiwea of explorations io particular 
regions than iu buying collections already made. The results thus obtained 
are usually more varied in their character, and more important, from having 
been aceomplit*hed under definite instruction.'i, and with special reference to the 
acqui:<ition of fact- niul information additional 1) that wiiich would he furni.'^hed 
by the spfcimens thfuixclvcs. It \a nut hki' ly sjm i inn ii-j of n iiinal hirttory 
that are i^ecurcd in the cours^e of the aevcrni exphaaiions, but infoimatioQ is 
obtained respecting the habits of animals, the ethnological peculiarities of human 
nces, the meteorology, the physical geography, the geology of the country, he. 

EXPLORA i iO.Xft. 

Among the explorations wholly nr partially carried on under tlie auspices of 
the Sinithsotiian Ii.-titiiiion. and fumijshing results of more or less interest, may 
be mentioned the toilou iug : 

E.rpfitrations by Mr. Kt^nnimft. — A brief m«^ntinn was m^ide in the last 
report of the return of Mr. Ktuuicott, late in lSo2, ai'ier an absence of nearly 
four years in the north, his movemcuts while there having previously been iudi- 
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catcd in tbe reports of 1859, 1860, and 18(>1. Hy the arrival of all his collec- 
tioDb, aiid those of gcatlcmcn connected with the Hudeoii'd Hay Company, who 
hare bo liberally aided him and tbe InBtftution in tbe effort to develop a 
knowledge of the natmal and physical history of xhti north, ve are now enabled 
better to realize the magnitude of the rcsulta of tlu sc npcrations. The collcc- 
tinns received in 18(?.'i (which include some whirli j^hould have arrived in the 
oud of ]^()2) lillcd I'urty boxes and packages, many of tliem ai' large size, and 
*'eii^iiiiig, in the aj^gregate, about 3,000 pounds. They embraced tliousauds of 
kiM of birds and mammals, eggs of nearlj aU tbe birds nesting in tbe nortbi 
mimerous skulls and skeletons <^ animals, fishes in aloohol and preserved dry, 
insects, fossils, plants^ &c. 

Not in any way inferior in int^'rcjJt and importance to the nahiral history 
collections were those n iatiii;:; to the ethnological peculiavilieh ol" the Kfffjnimanx 
and dMereut tribes of ludians iuhahitiu*^ the Arctic regions. It is believed ihut 
no aneb series is elsewhere to be found of tbe dresses, weapons, implements, 
utensils, instruments of war and of the chase, fte., &c, of the aborigines of 
Northern America. 

The cataloguing and labelling of the ppecimons ]nM receivod is now nearly 
completed, aru! Mr. Kennicott will then pnjceed to make a dt laih d report of the 
scicntitic resuUh of his operations, as well as those of the various gentlemen of 
the Hndson's Bay service who eo-op<'rated in tbe work. The materiab at bis 
eommand will serve to fix with precision the relationships of tbe arctic animals 
to those of more southern regions, their geographical 'distribution, their habits 
and manners, and other ]iarticular- of inn rrsf, anil to exft tnl voiy l.irg(dy tho 
admirable records^ pve>eiif( d by Sir John liichardson relaii\<' to arctic zoology. 

The Institution has already acknowledged, in many wnys, its indebtedncaa 
to tbe Hudson's Bay Company, as well as to its officers, for their numerous 
favors— the eomfMiny itself, through its secretary, Mr. Tiios. Fraser, of Jx>ndou; 
the governor-', Sir George Simpson and Mr. Dallas; 5lr. E. M. Hopkins, the 
secretary at Montreal; the chief factors, (Jovernor Win. MeTavi.-jh. Mr. ( J r-j^c 
Barnston, Mr. John McKenzie, Mr. J. A. Grahanie, .Mr. Wm. Sinclair; ihe 
chief traders, Mr. J3. li. Iloss, Mr. W. L. liardisty, Mr. 11. (Jauiphell, Mr. Jas. 
Lockhart, and others, together with Mr. R. W. MacFarlane, Kr. L. Clarke, Mr. 
S. Jones, Mr. J. S. Onion, the Rev. W. W. Kirkby, Messrs. Andrew and 
James Flett, Mr. C. P. Gandet, Mr. John Reid, .Mr. Harriot, and otbcrft— all 
have lent tlndr aid tovArds the accomplishment of t!ie work — every po'-ilde 
facility was given to Mr. Kennicott, every privilep' granted within the rules of 
tbe company. At all the poHti< he wiiB an houun^d gucttt, and he and hia col- 
lections and outfit were transpoi-tcd from point to point in tbe company's boats 
and e ledges without charge. 

lo adwtion to collections fiom the region traversed by Mr. Kennicott in his 
four year:*' exploration, Bome valuable specimens have been received frnm other 
points of Briiirth North Aui'-rica. ('oii!^picuoua among lie -e irt a series of birda 
and eggs from lligolette, in Labrador, gathered by Mr. ilenry Couolly, of the 
Hudson's Bay Comp iny*ij pcrvice, and brought to Boston, without charge, by 
Mr. J. W. Dodge. This collection embraced specimen ^ of the rare Labrador 
falcon, and others of much interest. A collection of birds and other objects 
of natural history, made at Moo!>e Faetorv. fnr the Inr»titntioii, liv ]\Ir. John 
McKenzie. haf* n u died London by ship from Hud^ou'e Bay, and may shortly 
be expected in Wafhiugton. , 

Exploration of WesCetn Mexico by Mr* XaiUwt> — tn my last report I men- 
tioned that Mr. John Xantus, so long and so well known in connexion with 
explorations about Fort Riley, Kansas, Fort Tejon, California, and Cape St. 
Lucaa, waa abont proceeding to n new field of {>perar!ons. He i- ft NCw York 
on the lltb of December, for iUauzauilio, Mexico, the Fauuma Railroad 
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Company and the Pacific Mail Ste^unship Company, with that liberality they 
have 80 steadily exhibited in their transactions with the Institntion, having 

f'ven free passage over their respective routes to himself and his outfit. Mr. 
antus arrived at Manzanillo early in January, 18G3. and makiii«; tins and 
Coliina his jjriiiciiial points of (l( i)arture, extended his exjiloratioiiH iu various 
direclioutj, ei>ptciaiiy among the mountain regions. He is still occupied in liis 
labors, the field being very extensive askd of varied interest. Many of h'ln col- 
lections have already been received, and found to contain numerous species 
of birds, reptiles* fishes, shells, Sec, new to science, while others throw much 
light on the geographical distribution of the plants and animals of Mexico and 
Central America. 

Exjjloraliijn^ m Coalu liica. — I'or some time past much attention ha? boon 
directed by naturalists toward the natural history of Costa Rica, a region which, 
from its peculiar physical conformation, indicated a fauna quite different from 
that of tne adjacent states. The birds were particularly sought after owing to 
the many remarkable forma, brought to light ity travellers. It was, therefore, 
with no little gratification that a collection of bird?', made by r>r. A. Von Franl- 
ziiis, an eminent naturalist and phytfician, resident in Costa liica, aided by the 
Uoa. C. N. lliotte. United States minister, and Mr. J. Camlol, was received a 
few months aso at the Institution. A careful examination of these specimens 

firoved that the peculiar interest of the fauna had not been overestimated* a 
arge proportion of the species being cither new, or but recently described. 
Additional collections, shortly expected from Dr. Von FrantziuSi willf it is 
hoped, increase ftill more our kiiowkdge of the species. 

Mi^dlatitous tJc^Au rations in Mexico. — For several years pasta highly valued 
meteorological correspondent of the Institution, Dr. Charles Sartorius, of Hira* 
dor, has made contributions of specimens of the natural history of his vicinity. 
During the year several collections were received from him of much intere.-t and 
importanco, e-«peciaUy certain species of Mexican deer, recently do-<cril>ed, and 
but little known. As Dr. Sartorius, aided by his son, Mr. Floreutiu Sartorius, 
is now engaged iu preparing an accoimt of toe animals of eastern Mexico, with 
special reference to their habits, &c., it is a source of gratification to us to have it 
In our power to aid him by identifying the species from his specimens, which his 
remoteness from larpro colli ction.- and libraries prevents him ir<>m doing for him- 
pelf. Prof. F. Siimichra-t, of Orizaba, \vx^ alj^o made vahiabie ( (Hit ril>ntions of 
birds and mammals of Mexico, and propuoes to renew lhei*e whcnevt r ihe eon- 
ditiou of the internal afiairs of Mexico will allow of the trausmi.sfion of his 
eolJections. Dr. G. Bcrendt, of Tabasco, is also occupied in a similar manner 
in the interest of science and of the Institution. 

Explorations in Guatemala and the west coast of Central ilm^rwa.-— ^Ur. 
Osbert Salvin. an eminent En^rli'^h omltholorrist. who has npcnt manv years in 
the exjdoratiun of Guatemala, has trausiniitcd to the lutjiiiuiiun a .-• lond col- 
lection ol' ilie bu-ds of that region. As these contain specimens of most of his 
new species, and all have been careftilly compared, as fiir as practicable, with 
the types, his series of bifds is of especial value, as furnishing standards for the 
identification of other collections. 

Additional collections of much interesft continue to he h( nt to the Institntion 
by Captiiin J. M. Dow. of i!ic Panama llailroad Compajiy, so frequently men- 
tioned iu my pccvious reports. Certain rare birds and fishes collected by him 
aie especially noteworthy. 

Trimdad. — A collection of nearly fifty species of birds of Trinidad was pre- 
sented by Mr. Galody , United States consul at Antigua, embracing many species 
not formerly in po^.^ession of the In-tituf ion. 

Jamaica. — ^Ir. W, T. March, from whom tlie liistiiniiou has already received 
cxtonsivo coUtH^tious iu Jamaican zoology, has agam made an important contri- 
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bution of an oxtenj^ive scries of birrl^' nost^ .inrl t**r«J!», the mntoriiils upon which 
he based a Tiit'inoir (»n tho hh(\< of Jumaicii, tr:iii>iuitti'(l t<> tlu* In.siitution, to be 
pabliiihed hy the I'hiluiielphia Academy of ^lalui'<il Scicucci^, aud ^liuted iu iU 
proeeedingB for November, 1863. 

OmAo. — Additional col Icctioiis were received darings the year from Mr. Charles 
Wright and Profeusor F. Poey, embracing new and rare apeciea of birdt^i, fihellg, 
reptiles, and H^hes. Some coUectioDft, transmitted by Dr. J. Guadlach» have 
not yet reached ua. 

Ecuador. — The Hon. C R. Buckalew, now United States BfnuiJjr, while 
United States minister, resident at Ecuador, made quite an extensive collection ' 
of the birds of that country, which be has lately presented to the Institution. 
Nearly all of the species thus obtained were new to the cabinet. 

No collections of magnitude, from regions or localities other than American, 
have been n ceived during the year. It in not the inteutiuu or expectuliou of 
the lubiitutiou to make gcnei^al collectioub of the natural history of the globe* 
neither its space nor available funds warranting so broad a field of operations. 
By limiting its labor to America, a hope may he entertained of possessing, in 
time, a complete series of the animals of the continent. 

Kxotic collections^, as far nf they are spontaneously offered, and efspecially 
guch ar! arc necessary to iliu;*lmle the characters of American njii cit a, are 
ahv ays acceptable, aud the specimens gathered by the goverumeni expioring 
expediti<His, of which the Smithsonian Institution is the custodian, will always 
be carefully preserved j but any especial efforts towards the increase of the 
mnseum may advantageously be confined, as a general policy, to the New 

Tilt- most iuijKjrtant addifionf, it will be readily seen, relate to tiie t lab« oi 
burds. Desirous uf extending the observations upon the birds of North 
America* as published in the ninth volume of the Pacific railroad report, a dr^ 
Gular wiEs issued by the Institution, which has been distributed by the State 
Department to the consular and diplomatic officers of the United States in the 
foreign portions of America, ankinf^ aid in completing the collection of birds; 
and important additions are cxpt ct<'(l from the re(juL*.st thus extended. The 
materiuls received will bu u^cd, iu connexion with those already in possession 
of the Institution, in the preparation of catalogues and monographs relative to 
American ornithology. 

Among the specimens received by the Institution during the year should 
esperiallv be mentioned the ^reat Ainpa or 'Pncf^on met»>f)rite. 

This meteorite wuf^ lirr+t discovered hy the Jesuit iiiissionarieB in Sonora, by 
whom it was considered a great curioaity, exciting inucii t^peculaiion as to it8 
origin. In 1735 the **Gran Oapitan de las Provincias del Occidente, Don Juan 
Baptista Anza, was induced to visit the aerolite," and found it at a place called 
"Los Mvchadi€9," in the Sierra Madre, and, struck with its app^rance, undei^ 
took to transport it to San Bias, iIkm tlir- nearest port of entry, with the view 
of carrvinfr it to Spain. With this object it was brought as fju-Jif the Presidio, 
near 1 uc.^un, in Arizona, and left there on account of the difficulty of carrying 
it any further. AAer the withdrawal of the Spanish garrison it was taken into 
the town of Tucson, set up vertically, and used as a kind of public anvO, of 
which it bears mai^ at the present time. In this condition it was seen and 
reported npon by varion? travellers; amonpr others it was visited by John R. 
Biirtli tt. Jtilv ]H, lbo2, at the time Commissioner of the United States and 
Mexican iiouudary Survey. Mr. Bartlett gives a short account of it, (I'ersonal • 
Narrative, volume II, p. 297.) accompanied by a figure, (the lower one on the 
plate») where it is represented as resting upon two legs, owing to the lower 
part of the ring, of which it consists, being buried in the ground. His estimate 
of Biz hundred pounds as its weight fidls fiur within the actual amount. 
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Ib 1657, Dr. B. J. D. Irvis. VvML Blatai wamj. €bm ilHTiiiii st Fat 

Bucbanim. »ouih of Tacr^on. found tliu wm^tomit IjingT m OK cif tlie bj # <i e c4s 

oi iL* l illa^e. LaJf buried io iLe earth. Af dc» tme claimed it^ be pnblidj 
annouut^'d hit- iiiit uiion lo takt p<»>,-e~r)(<n it and ii»nrar<i it U* the r>mith- 
tKJiiiiiii ] ii^tj:uLiaxx« ubeui^vt:! am oitpuri'Uuiiy ii&trbd. bioiu: tinK* aiier, a&sifted 
hy Jlr. Taktiiie Eoti&Mm, <■£ TacM»n, (aetf to -vrhcae Itc^nne tbe watusioite laj.) 
^ ncwidid a having it Mvt, bj tL«> «^r«scj cf Mr. AapmiBe Aiosa/to 
H< !-iu<>.- :lk<. vben- it remaiui-d for sometime At the kadend* of IJOB Maaofil 
Xliipo. lulber-iu-iaw (tf Mr. Aiiiza. 

Il Mhv. Mr. J*:^u^ Amza. brother of Mr. Aia«rQ?tine Ainra, and grand- 

BaiJ of I>uLu Alia Aiu£a dt; Igl^. tbe di4Q|:Lk^ o£ l>iia J nan liaiuieLa Atdzh, 
viidud ^oiiora. sjod on kifl tftim broo^t the Mrt a o t ite vitb him to Sjio 1 itm- 
dflco. where it -ira» ^dtrtnd hy hi« brother. IL tsmaAf^tt Ainca. to tbe «g:eiit 
€f the SiBitli^oni^iu lui-timtion, Mr. A. B. Forbcf^. <if the Parific ILu] Sl4sUBihip 
C(Hii]»:i:iy. ajjd iv-i w ard<.-d by him. ria lb<- JMbznaf;. to Wa.-^hinjrJitn. wbt-rt- it 
itrriv' d iu Nci ciuU i. auu ir uow (»n txbibition, and ibt- g-rt al ol<ji-ci «»1 attracTt^a 
U) virii(.»rr la Uit >iaiLlu>oiiiaii ImJL II ie prwpt^r lo s-i&ic that, alibou^b L>r. 
Inrlu V afi aatborixed to expcal vhaterer was neoesMrr to wcnre tbe irau&- 
■iMrai of tbe aeteorite to iMa Fnaciseo, berond Mae small < xp4 use-^ paid 
hy hasa for piaiciiip: it upon the track m Tne^ou. no cbas^ v h.-^ made hy thft 
Ainra faiiiDv ^c>r tbt- co?t of traij?port;Ltion t <i r sirma?. and dt liverv to the 
Pacilit Mail »Si^jamship C\«mj»aiiy. pi-rf^nxH-d partly mtb ii« ir own wagrona 
aod partly by other Uj<iaDS ai couveyaoce. It wa^^ iirouirht (rrv <>f cbarpe from 
QuayauLt lo biOJ 1 ranciejou by the Fiiut ajtd Haiiday Ium- iA' Mwimt r?. While 
CB the roote to New Yoik the Pacifie Kail 8u«mship C'<n&}>aDy and the 
Paaaaa Sailnmd Company, viih thai Hti^ rality which haa erer characterised 
their iiitercotirt<e wiih tbe SmilhtH^uiaii ln^ntatikMl• tnuwpoHed it without 
ttpen^e to Atspiuwail. and theDce to New \ »uk. 

The ineie^'rittt i& in iht- rbajK^ of aa imnten^f yipart ring:, nitich heavier on 
one t^ide^ where it is nearly thu on its onter sufure^ and jarmxiii' the face urvxl 
m «& ssriL The greater exterior diameter is 49 ineb<'S ; width «^ tbiH wiit 
|ait of the ring 9 incbe.*. the lea;>'l 3S inches ; th<- pre:it widih of the cental 
opening. :io inches; widili oi ihickeM jiart of tljt- riujr. 1' .\ ii)cb(«. The weight 
ifi now 1,400 pound.^, but some jmrli^ui? h.iM- Ih-cu n-moxei tr.>n> t:mc t > !hn?^. 
probably reducing it considerably. It?. coui]»MMiM4ii i> ]*niuijially ol mm^ with 
small rpecke oi a whiiic^h tdikiuue mineriU didtum^ through it. 

A caxcAil cfaeaieal and phjsioB] exaainaika of the aetrarite wiO be 
hy pNlei»<»r G.J. Bmt'b. of New tn, to wlkoa the Smithsoaiaa lastitatwa 
hsv committed the Fubjt^et for a 6x Uiut'd report. 

A> the arrolite was iire^l brought frv»in tbe xuouiitain^ north oi Tucson by the 
great grandlather of the gentleman to wboM- ( xertiuns' in trau^por^in!r 'T to 
Wttniiiu^tan thtf Insiiiiuicm owc^s to much, ii ;^ pror».».-^ed to c-ail ii tiie ■ Aiiis-a 
aeaorise.** To I>t. Irwin, of tbe Uoitrd Stst<*» at^dieal departaent, the 
tu;' ir also aider great iddigai; tus fuf bl^ agt-iicy in nrf nrhf liiin fl|u i lai ii 

Dr. Irwin jftat^f- :be iLibabnau:? e* I - i. .vt- a tr.iduuiu ihat a i>bower 
oi these meteoritt r t(»ok |ilace in tin- .>;.ut.h i ii.irina idouuvaiuj" ;tb«iui two htm- 
dr«"i rf>a7> f>iri>. nud thai tbt re anr luany oincT i&ai^'« uf a butLiiir charactcsr 
ytrt rritMuii^iijg in thoM: mxtunirauu^ 

This aetKviie is aaong the larr«>i known, and in thin eonntrr is ohIt 
cxueeded a little in weight by tbe iT:c>:i> nseteonte iu ihv caMtu t of i ale Col- 
kfiee. New HaTen. while it ^urJla.•'^e:' ibe latter in sine, being du>posed ia the 
iia II I £>f a ring instead of a r-^'l-.d ma^^^. 

The '*^?nithK>nian lnr:i:ui>i»n nl-.> p i-^''s->r> tbe third lanrt r-t tnf teorii^ in the 
iiuuiitrj m the "Ciiuch mt > urii'. . " m 
jiartfaessicn Hexiw hy Major irrncra) 
to the ~ 



t:^a.".^g '^>>2 p >auc>^ ai»d broagbl trom 
ra) D, K. Conch, aad by hm praenttd 
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IDENTIFICATION OF SPK( IME\.S. 

Continued progreed hm been made durii!;r tin- ycav ia the detenuination and 
amuigemeut of the species in the Smithaoiiian colU'ctiouH, and the cabinet is 
grada&lly becoming more and moro necful for reference and study. Any appa- 
rent sliortcomiog in this respect will be cxcnsed in viev of tbe fact that the 
winrk done is mainljavoluntiiry contribution on the part of gentlemen i tigaged 
in makinp!" pprcial ox^miMation^» of tlic Smithsouiaa collections* and the Insti- 
kntiou is under many obiigatiotu for their aiiiiibtance. 

DI8TBIBCTION OF 8PBCIM8NS. 

In accordance wiih the plan of the Institution, ad fa^t as the identification 
of the species is eatiafactorily accomplished, the duplicate specimens are set 

aside for di:?tnbution to snch mnsenm^ at homo ana abroad ixa appear to be 
euitnble rec)]»i( nts. The total number of objoct-s tlius distributed to the end 
of the yoar ]nG"», all projKTly (b'tcrniinrr] nn>l labrllctl, nmonnt<^ to ^6|651 
species, and 50.001 bpcciuicus, t:howu by the tuUuwing tichcUule : 



Statement <// specimeiu of natural hutory digtrihuied by the Smithsonian Luti' 

tutiom up to December 31, 1863. 



« 


Prior to 1854. 


\f*.A u> July, 




Total. 


SjHTiul (listribn- 
tkAof ■boltaof 


1 
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X 

1 


i 


T. 

i 




a 

i 


i 


1 




ft 

IS 


5 

1,005 


404 

a 163 

1, r,n 

'.Ml. 

MS 


094 

4,25.'. 

■J, 

1, K'i 

1,965 

'4, ^iJii 


1, >7 
]^ 


316 
2,494 

18 


5,174 

1. .'rW 

6W 

747 

•a 

'Jl I 


845 

7.784 

'J :j->o 

710 
























:irj 
747 


S,S38 

:\:a 




UoUankd 

Inv^ruljrattfi, iu- 








iov»t 




Ep(fi! of birilh 

Foxtail liivcrtchrfitrs 
FoHfit vt-rU-LruluH . .. 

SkulJn 

]|lMra]<« Dtidrodui.. 


114 














-L„I 


SB 


98 


















Total 

_4 












1. 


1, j iij, 1-7 


11', l.s'.l> 


1, -Ji u 






7-J, U"i7 


1 U, L'J J 


■it, 1:2 



In the indt X to the three volume.^ of transmissions of specimens for examina- 
tion, or donation, the names of two hundred aud iiily-nine institutions and indi- 
nduols are entered up to Auga&i, 1863. 

N. B.^The preceding enumeration of speeiniens distributed does not include 
the specimens (duplicates) rcUiined by collaborators in behalf of certain author^ 
ized collections — as of insects, by Messrs. Leconte, Uhler, IVIorris, ()st«'nHackcn, 
Saussurc, Edwards, Hap:rii, I.oew. Srnddrr, bzc, \ of vertebrate fossils, by Leidy, 
for the Philadelphia Academy ; of li&hert, by I'rofessor Agnssiz ; shells, by 
Messrs. Carpenter, Binncy, Tryou, &c. ; mammals, by 31esHrs. Lecoute, AlleUf 
&c.; birds, 07 Mr. Oassin; reptilea* by Mr. Cope; plants, by Messrs. Torrey, 
Gray* Engelman, and Eaton. These will probably amount to at leaat 10,000 
species, and 20,000 specimens additional. 

The critalop:uing of specimeuR in the record-books of the Institution has bf^en 
continued during the year, and, as will be seen by the accomjMtny ing table, now 
amounts to 86,547 entries, being an iucreode, since 1803, of over 1^,000* 

* i^iy u^L^ Ly Google 
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Table showing the total number of entries on the rtxard-book* o/' t/te Smdii*(mmn 
eoUectim at the end 0/ the t^eare 1861, 1862, amd 1863. 



1861. ' 




im 


4,459 


4,750 


6,275 


5,550 


5,900 


7,175 


2:{,510 


20, 157 


31,800 


0, Uoo 


t), .>] 1 






4,925 


5,075 




6,000 


7,275 


1,287 


l,3d7 




9,718 


10,000 


10,450 


1,«<J« 


2,075 


2,725 


],031 


2, 100 


2,560 


3,500 


3,725 


4,985 


fi50 


t25 


875 


ic^ 


m 


ilO 


66,075 


74,764 


86,8«r 



Skeletoiu and skulls 

MammftlB 

Birds 

Beptilei 

FItbes 

£gg8 of 1/1 rds...... 

CmstaccauA ...... 

IfoDiuilu 

Radiates...... ..... 

Fossils 

IfimralB... . a... •■• 
Ethoologieal 
Annelids.... 

Total. 



LIST OF DONATIONS TO THE KUSEUM OF THE SMITHSONIAN INSTITUTION 

IN 1883. 

Atkms, L. S. — Eggs of birda and Bhelln kom Ohio. 
Ainmf J. — See Irwin. 

Akhmt, J.— Binb from St. ThoswB, West IndiM. 

Baer, O. P. — Unionidie from Indiana. 

Baird, S. F. — Iron ore from Ilanovcr station ; seriea of skins and eggs of birds* 
mammald, fiahee, and iuverlebiatee, £rom Wood's Hole and Ck>iia88et, Maasa- 

chufctts. 

Baird, Mrs. S. F. — Leuciscuji, from Potomac river. 

Beadle, Rev, E, R. — ^Bergen Hill minerals. 

Beam, — Collectioii of annelids and cirripedB of Gieat Britam. 

BcJirtns, Dr. — Insect? from California. 

Berlin Museum. — 54 ekins of birds of Central and Soutk AynfriffUr 
Bethunc, Rcr. C. S. — Skin of Sea fops breweri, Canada* 
Blackman, Mr, — tikius and eggb of birds, lUiaois. 
Blake, W* P.^Keg of fishes nnom Hakodadi, JajMUL 
BUuid, TAonuu»^Spiraxis, from West Indies. 

Boardman, George jL^Embiyo Canada groose in aloobol; akins and eggs of 

Buurt , Thmitfis T. — Large cryHtais of boryl. 

Brunei, W. — Birds, mammals, &c., Fori lialketc. 

Brewfort, J, C^Fresh spocimen of Zoareee amgwiUarit* 

Bruckartt H. Cr.>— Insects from Lancaster coonQr, Pennsylvania. 

Bmckaleu', Hon. C. R. — Collection of birds of Ecuador. 

Burling, W — Skin of Maliattu pelagicu* from the Amoor riyer. (Tbiongii 

Samuel Hubbard.) 
Camiol, J. — Skins of Costa Ricau bii Js. 
Carpenter, P. P.^Foasils from vicinity of Hosoow. 

Caty^enter, Robbie S. — 8kin of starling, Slumus vulgaris, Warrington, Englano. 
dark, Lawrenoej-~X general soological collection from Fort Bact Great Slave 

lake. 

Coleman, Lt/man. — Soeds of Damascus thorn; pctrilied wood from Cairo. 
ColemoAt \V. 2\ — Birds and eggs from Lauada. 
Qmutaek, j1— Oitttings of Oalt&nia grapes^ 
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Conollij. TI. — Skins and eggs of birds from Labrador. 

Cooper, Dr. J. G. — Sliells of 0.'iHfornifi. 

Coues, Dr. E. — Series of skiuh ot l»ird» of Diatrict of (Jolumbia. 

Cowlett P. W, — Insecta from Vickaburg. 

Crotiery Dr» B, 8. — Vortioella, &c.. New Albanyi Indiana. 

De Sau.mure, Dr. ZT.— Sking of Mexican birds, and laeustrian antiquities of 

Switzerland. 

Diebitsch, Prrifrsxor If. — Rana pipicnp. 

Dodd, P. [V. — 8kuliri ol'auiiimls aud I'^rpja of birds IVom Sal)!c isiuod. 

Dow, Captain, J. M. — Skins of maiumaia, and birds, ii«lies, <fcc., from west 

coast of Oeutral America. . 
Drewt Dr. F. P. — Collection of reptiles and eggs of birds from I^ w iift i . 
Drewften, Charles. — Series of Greenland hIm 1! . 
DrexJcr, C. — Scries of skins of birds of the District of Ooiiunbia. 
Kglestoii, T/iumas. — Series of European fossils. • 
Elliot, D. G. — Skins of Kuropcau gulls ; akins of humming birds. 
Eiliof, IL W. — ^Large collection of Unionidie ; shells, &c., iu alcohol, Ohio. 
Engelmannt i>r.-<— Fossils from Illinois. 
Fairbanki, Yrofesmr. — Box of (tggs. 
Faif, Joseph S. — Ohlorastrr)!ito from Lake Snperior. 
Fh'tf, Avdrcw. — Skins aud eggs of bird« ; Fort Nonnann. 
Fletly James. — Eggs of birds, ficc, from La Pierre's lion so. 
Foreman, Dr. E. — Five boxes of mlherais from Marjlaud. 
Freilntrgt Mining Academy of. — ^Boz of mineralogical and geological speoi< 

mens from Germany. 
Frich, Dr. — Shells of California and Japan. 
Gfi/odf/. M. — Skins of birds of Trinidad. 

Ga>i(i' C. P. — Skins and eggs of birds, fifom i'eei's river. 
Gtifbs, George. — Ltdiau curiosities. 

GiUi**t U, S, N.t Captain. — Six boxes of microscopic sonndinga* 

Oilpin, Dr. J. B. — Scjries of shrews and mice of Nova Scotia. 
Gohhm'f//, Dr. 31. — Cricket Irom the Mammoth Gave, Kentucky. 
Go'j^d, Dr. A. A. — Forty species of Mela?iiadce. 
Gra/tame, J. A. — Skins of mammals, &c., Norway House. 
Giebel, Dr. C. — Three boxes of insects of Eurojie, (30.3 species.) 
Gru6er, Ferd. — Skins and eggs of birds from California. 
Gnndlaeh, Dr. J^Specimens of ChtndlacAia, Cuba. 

Gttnn, Donald. — Skins and eggs of birds frot^i Bed River settlement and Lake 

Winipeg. 

Halde/nan, Professor JS. — Types of the species of Melaniada described hj 

him. 

Ha^l, . IV' F. — Birds aud c^^:- I'rom Massachusetts. 

Hamilton^ R. — Collection of skins and eggs of birds from Ghreat Whale rirer, 

(through Mr. George 15ameton.) 
Hardisty, \V. L. — Birds, mammals, &c., frnm Fort Liard. 
Harri.^, \V. O. — ^Tinerals from Chestor couiay. 
Hairiof. Mr. — Skins of hinls from Fort Andcr.^on. 
Hays, Dr. W. \V\ — Fisln s, &:c., from Saciamcntu river. 
Harden, Dr. F, V. — ^Alcoholic specimens, Beanfbit, Sonth Carolina. 
Huymandy Dr. R. — Cypris from Indiana. 

llephurn, .Jumesr-^'^\\\^ and eggs of birds from the Pacific COast. 

llihhard, F dnnft. — Lead ore tiom New Brunswick. 
Hihhard, Jann s. — Antimony ores, New Brunswick. 

Hitz, R. B. if George. — 1,200 eggs, of twelve species of birds, from Northamp- 
ton county, Virgiuia, with shells, &c. (See also Stimpsou.) Fossils from 
Aqaia cieek* 
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Hngf, Mr. — Skin of l)ori from tho Serapiqtii river. 

Hope, John. — Kggs of birdB, lis* be;*, &c., Ort^t Bear \disjb. 

Hotaling^, C. F. — Bodi ealt ftom Looiaiaiuu 

Hoxie, W. — Insects from Mnssacliusetts. 

Hoy, Dr. P, Jt,— Nesta and cp^gs from Uacine. 

Hftnf. Gt'Hcral L. C. — Indian knife, Klamntli lako. 

lru-//i. Dr. W. W.,andJ. Aiiua. — Metooriti iroiii'l'uo-'ou, weighing 1,400 pounds. 
Je^ret/s, Mr. — Box of minerals of Chester county, l'enn8jlvaiiia. 
jfiief, Straekan. — EggB of birds, &e., from tbe Yukon. 
Miany A. il.— Series of fishes, &c.. Sombrero Island. 

Keep, Iter. Marrv\ R. — Moose horns from Maine. 
Krriiir(hj, Dr. 11. W. — Collection of rcj.tili s of UmglMj. 
Kennicoff, R. — Tn^fct"*, eggs, &c., from Illinois. 

Kennkott, R.^ ami others. — Fifteen boxes, three bales, one keg, and one chest 
of Arctic collections. Mr. Kennicott's coltectionR principally from the mondi 
of the Porcupine river, Peel's river. Fort Good Hope, La Pierre's house. Fort 

Besolution, ice. 
KirtlnnJ. Dr. J. P. — Two boxeH of western XJmonid<t. 
Kreji, Dr. G., (flirnn-li W. Cooper,) — Collection of Australian reptiles. 
Krldert Joha. — ^jlouniiil hawks. 
Lapiam, Z Vniomd^ of WisconsiB. 

haterenee, George i^.— Skins of birds from Central America and Panama. 

Lea, Ifaoc.— Box of VmomdtBt and one huhdrcd species of Milaniada. 

Lewix, Jama, Dr. — ^Large collection of land and lluviatile shells from the in- 
terior of New York. 

Lockhurt, James. — Large series of zoological specimens, principally birds' eggs, 
from the Tnkon ; skins of birds, mammab, eggs, &c., from Fort Resohition. 

Lykins, W, H. R. — Fossils from Kansas. 

MacFarlane, R. W. — A general zool >>ri( al and ethnological ooUection ^om 

Ticmity of the Ai.<l« rrnn rivrr. Arctic America. 
M' (,'uirc, J. C. — Two boxet^ of Unio/mlcr. 
McKenzic, Hector. — Birds' eggs from Ked river. 
McKenzitt /.—Birds, &c., from Fort Resolution. 
MeKoiziet Roderkk. — ^Birds' eggs from Lake Hanitobah. 
M< M'/rray^ W. — Birds* eggs from Wiuipeg river. 

Mar Ta rish, Gov. Wiiltam^SkiuB and eggs of birds, &e., ficom the Red River 

country. 

MauH, William. — Skins of Pmicola catutdemts, Lake Superior. 
March, W, Tj&mmu.— 'Three boxes of skins, nests and eggs of Jamaican 
birds. 

Meek, F. B. — Series nf fossil.** from New Jersey and Maryland. 

Moorr. Oirlcton R. — DouMf tail of TJmuIu^. 

Mtf hener, Dr. — 166 cruuia of birds, and 64 of mammals ; two boxes of 
mmerals. 

Omm, J. S. — ^Plants, eggs, &c., from Fort Good Hope. 

Palmer^ Dr. — Fossils, minerals, &c., Pike*s Peak. 

Parker, Rer, H. IF. — ^Marine shells. United States, and two boxes of minerals 

from Nf w Bedford. 

Parknis>>n. D. T. — Sluus and eggs of birds, Indian skulls, plant^i, &c., Fort 

Crook, California 

Philadelphia Aradcmy of Natural Science* —'Seventy species of Melaniada, 
Piper, Cof„ (lOtb regiment New York volunteer artillery.)— Hock specimens 

and fossil wood from Fort Meigs, n<'ar Wa«*hington. 
Poftf, Prof. /■'. — C" '111 clion of bat.-^ and Xrnropfera ; lisbes from Cuba. 
Poole, Jhiirit — ■•('unc in cont ' in slate. From a shaft sunk in the Harbor 

Yoiu coal seam, Littlo Glace Bay, Cape Bretou. 
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Prcnhss, D. W. — Serioj^ of skins of bird;) of the Diatrici of CoiumbiA. 
Quackcnbusht Lcdie R, — FosBiis of the Utica slate. 

Reed, John, — Skins and c^ga of birds from Big Island, Great Slave Lake. One 
eoUeetion through L. Clurke, jr. 

Reed, Peter. — Forex platyrhintu^ Washington county, New Tork. 
Richanls, Thos. — Skins of birds, &c., from Tcraiscamingue. 
Riotte, Hon. C. — Beptiles and insects in alcohol, skins of birds, shoUs* 
Costa Rica. 

Ritchie, J. P. — Skin and egg of Buteo pennsylvanicus fi om Massachusetts. 
Rod^erSf Commodore JbA».^Ethnological eollectioDS of the North Pacific Ex- 

ploriii:^ Expeiition. 

Ross, B. R. — A general zoological collection from Fort SimpeoQ and TiciniQr. 

Rousseau, E. — Box of shclU from New York. 
Saemann, L. — Box of Em (H)ean minerals. 

Salisbury, Dr. S. II. — Scalojin ni alcohol from Fairfield county , Ubio. 
SoUe, jl.---Skin8 of Mexican birds. 

Sedtin, O. — Collection of birds of Guatemahi, (160 species.) 

Sartanui, Dr. C, — Collection of birds, mammals, alcokolie tpeeimens, Ico^ 

Mexico. 

Schmidt, Dr. — Birds &om the vicinity of Washington, collected by the late 

Cbas. F. Schmidt. 
Sdater, Dr. P. L. — Skins of Mexican birds. 
Simjison. George B. — Copper spcar^eadf and other relics. 
Sitka, Governor (t/!— Boz of crnstacea. (Tlirough Mr. Jas. Hepbora.) 
Springer, P. M. — Skin* and stenm of birds, iUinoiri. 

Stimpson, Dr. TK— Three boxes of marine invertebrates of Great Britain ^ two 

of American. 

Stimpson, Dr. W. and R. B. Hitz. — Three boxes shells, eggs, &c., Northamp- 
ton connty, Virginia. 

Sumichrast, Prof. F. — Mammals and birds (,f ^r<'xico. 
Surgeon General. — Tertiary fos^^sils, Suffolk, Virginia. 

Stcan, J. G. — Indian cariosities, skins of birds, eggs, shells, fishes, &0., from 

Paget Suund. 
Thomson, J. II — Box of New England shells, 
TWmmhi, J. H^y^Skins and eggs of birds of Illinois. 
Trumbull, George. — Wavellitc from Chester county. 
Tryont G. W. — One hundred and twenty-five species of Melamada, 
Ulke, H. — Skin? of birdfi from lliinnis. 

V€tn Corthmdl, Dr, E. — Mammals in alcohol, skins of Lepidosteust irom 
Ottawa. 

FrantziuM, Drd— Collection of birds and mammals from Costa Bica% 
Vdkf Dr. J. W. — E^rgs of Protonoiaria atreut &c , from Illinois. 

Vienna Geolo^i.sches Reichs-Anstalt. — Collection of Austrian fossils. 

Walker, R. O. — Fishes, shells, skulls, &e., AIT j^Ik ny county, Pennsylvania* 

White. Dr. — Marine s^liells and .><kullrt of mammals, Islhmiis, Panama. 

Willis, J. H. — Shells, eggs, and fishes of Nova Scotia. 

Williatm College Lyceum,— V^ggi of Greenland birds. 

Wilnm, JVl^Seeds of plants from .Tamaico. (Through Thos. Blaiyi.) 

Wingate, J. D. — Box of shells, Bellefonte, Pennsylvania. 

Woodworth, Dr. J. AI. — Reptiles and insects from Memphis. 

Wonfon, W. G. — Skins and egjr?' of bird.^ of Nova Scotm. 

Wright, Chas. — Birds, shell?, an<l in.si ctj^ of Cuba. 

Wynne, Dr. Jas. — Specimen of sphinx or hawk moth from Uenuai America. 
Xantus, JflA*.^ — ^Fourteen boxes of mammals, birds, and other animakii {ilaata 
iocn from Mansanillo, Colima, &e. 
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LIST OP WORKS PUBLISHED IN 1863. 

(155.) Ancient Mining on the fcjhorc!? ot Lake Superior. By Charles Whit- 
tlesey. 4to., pp. 32, and one map. (Published April, 1SG3.) 

(146.) Meteorological ObsenrationB in the Arctie Seas. By Sir Leopold 
McClintock, It. N. Made on board the Arctic searching yacht "Fox," in 
Biffin's Bay and Prince Regent's Inlet in 1^57, 1858, and 1859. Reduced and 
discussed at tlio ('xpcnf^e of the Smitlisoniau Institnfinn by Charles A. Schott* 
Assistant Luiltd States Coast Survey. 4to., pp. lotJ. and uac map. 

A small edition of this work was published in May, 18G2, but the final issue, 
with eortections and additiooB, took place in 1863. 

(16C.) Records and Results of a Magnetic Survey of Pennsylvania and paiti 
of adjacent States in 1^40 rwnd 1S41, with ?some ;ulditii)nal Accords and Result! 
of 1831. is;;.0, ls4:i, and 18G:i, and a map. liy A. L). Baelie. LL.D., F. R. S.. 
Membtr of Corresponding Academy of Sciences, Paris ; President of National 
Academy of Sciences ; Superintendent United States Coast Survey. 4to.» pp. 
88, and one map. (Publisned October, 1863.) 

(1G9.) Re.'«earche^ n{)on the Anatomy and Physiology of Respiration in the 
CLeltinia. Hy S. Wei'r Mitchell, M. D., and Gtooige B. Morehonse^ M. D. 4to^ 
pp. 50. (I'nhlished April, 18G3.) 

(15G.) Catalogue of Minerals, with their Formulas, «icc. Prepared for the 
Smithsonian Institution by T. Egleston. 8vo., pp. 42. 

(140.) Dst of the Goleoptera of North Ajuerlca. Prepared fbr the Smithso- 
nian Institution by John L. Leconte, M. D. ' Part L 8to., pp. 60. (PahUahed 
March, 18G3.) 

( 167.) New Species of North American Goleoptera. Prepared for th«! Smith- 
sonian iui^Litution by John L. Leconte, M. D. Part I. bvo., pp. 94. (Pub- 
liriied March, 18G3.) 

(142.) Bibliography of> Korth American Oonchology preyiooB to the year 
18G0. Prepared ror the Smith.sonian Institution by W. G. Binn^. Part I. 
American author.-. 8vo., pp. 658. (Publir^lied ifarch, 1863.) 

(171.) Mono«rraph of the Diptera of North America. Prejiarcd for the Smith- 
sonian Institution by H. Loew. I^art II. Kdited by R. Ostensacken. Bvo^ 
pp. 340. (Published January, 1864.) 

(160.) Instmctioiia relative to the Ethnology and Philology of America. 
Prepared for the Smithsonian Institntion hy Oeorge Gibbo. Svo.* pp. 36. 
(Published ^^farch, 1863.) 

(161.) A Dictionary of the Chinook Jnrj^on or Trade Lnnj:^iap^ of Oregon. 
Prepared for the Smithsonian Institution by Ueorge Uibba. bvo., pp. 60. 
(Published March, 1863.) 

Systematic index to the list of foreign comspondenta of the Smithsoniaii 
Inatitntion, corrected to January, 1862. Syo., pp. 16. 

* Appendix to the list of foreign con-cspottdentB of the Smithsonian InatitntiOB, 
corrected to January, 1863. 8vo., pp. 7. 

(170.) Comparative Vocabulary. Reprinted from the Smitlisouinn Tn.'-iruc- 
tions relative to ethnology' and philology. 4to., pp. 20. (Published May, lbG3.) 

WORKS STILL IN PRBSS. 

(174.) Bil»lio<rrapliy of North American Conchoiogy. Bj W. G. Binney. 
Part 11. bvu., 239 pages stereo tvped. 

il43.) Synopsis of Air Breathing Shells. By W. G. Binney. 8vo, 
144.1 Synopsis of North American ViTipara* &c. By W. 6. Binney. 8vo. 
145.) Monograph of American Corbieulad^ By Temple Prime. Svo^ (42 
pages in type.) 

(177.) C)u ck-list of North American Fossils; cretaceous foimatioQ. iiy JT 
B. Mcck. bvo. 
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(172.) Palaeontology of the Upper Missouri. By F. B. Meek and F. V. 
Hayden. 4to. 

!165.^ Mono^npliofNorth American Bats. By Harrison AUen, M.I>. 9vo. 
173.) On the Microscopic Structiure of the MedaUa Oblongata and the Tm- 

pezhim. By Dr. John Boan. 4to. 

(175.) Uiscuseion of the Magnetic and Meteorological ObscrvafcioQa of Girard 
Colkge. By Prof. A. D. Bache. Part VII, Vlll, IX. 4to. 

(179.) List of publications of learned societies, periodicals, and cncyclopsedic 
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Samma, Dr. C. 0 

BduuiU'r, llobort A 

Smith, C.il., M. D 

nompMD, lUv. David. . . 



Station. 



Oarridon's 

South Trenton.. 

Vermillion 

Sknnentele* .... 
Buldtvinxville. . . 

Seneca Fall* 

Anbnm 

FiBhkill Landing 

RochcHter 

Tbereia 

Ogdeniburg 

Troy 

WUion 

Waterford 

Kk-hoU 

South Hartford . 

Flutbuitb 

Fort Ann 

Oiwego 

KocbeMtor 

Now York 

Clinton 

Fri'donlu 

Jame«town 

Ooaremenr 

Wumpsviile 

Marathon 

New York 

SuflTem 

Cazonorla 

White Plaint ... 



WeUhfield . . 

Miirietta 

Suybrook . ., 
New Li»boD . 
Alvdinu . . . . 
ClvveLind . . . 
Portnnoath.. 

Iktbel 

Newark 



AiKtinbnrg . . . 

Portsmouth . . . 
Little Hocking 
CMjilegu IIUl ... 

Cinclnuail 

Weitterv'Ula.... 

Kingston 

Dullutbnrg 

KcUey'a Inland . 

CicTelaod .... 



Savannah 

NewWeatfleld. 
Madboa 

EatoD 

Troy 

Eaot Fairfleld.. 
HUlsborough . . 

Norwalk 

BowllngOreen. 
OumitiivUle... 

Cincinnati 

HUUboroagb .. 

Cardlngtoo 

Kenton 

MllneraviUe . . . 



County. 



Putnam 

Oneida 

Oawego 

Onondaga . . . 
Onondaga . . . 

Seneca 

Cayuga 

DutcheM .... 

Monroo 

JefTeraon 

St Lawrence 
KensHcluer . . 

Niagara 

Saratoga 

Tioga 

Waabington . 

Kinga 

Waabington . 

Oirwego 

Monro« 

New York... 

Oneida 

Chautauqua . 
Cboutauqna . 
SL Lawrenoo 

Mttdiaon 

C^nlnnd 

New York .. 

Rockland . .. 

Madiaon 

Westebaater . 



Oeaaga .... 
Waabington 

AMhtubula . . . 
Columbiana 
Medina . . . . . 
Cuyahoga .. 

Scioto 

Clermont . . . 
Licking 

Aabtabala . . 



Scioto 

Waabington 
lliuuiltnn . .. 
Hamilton ■ . 
Frunkliu . . . 

K"*8 

Warren .. .. 
Erie 

Cnyaboga . . 



Aahlnnd .. . 

Hood 

Lake 

Preble 

Miami 

Colnnihiana . 
Highland ■ . . 

Huron 

Wooil 

Portaga .. ., 
Hamilton . . 
Highland . . . 
Morrow .... 

Hardin 

Oucmaey . . 



•a 
p 



.3 

o 
'A 



o ' 

41 23 
43 10 
43 26 
43 00 

43 04 
4 2 54 

42 55 

41 34 

43 06 

44 12 

44 43 

42 44 

43 2U 
42 47 

42 00 

43 15 
40 37 

42 3i> 

43 28 
43 06 
40 43 

43 03 
42 26 

42 OG 

44 19 

43 04 
42 24 

40 44 

41 30 

42 55 
41 05 



41 23 
31» 2.J 
41 52 

40 45 

41 07 
41 30 

38 45 

39 00 

40 07 

41 54 

38 42 

39 23 
39 19 

39 06 

40 04 
39 39 

39 30 

41 36 

41 30 

41 13 
41 13 
41 .VJ 

40 00 
40 (O 
40 47 



9 

a 
o 



41 15 
41 15 
41 15 
39 06 



74 09 
74 56 

77 26 
76 30 
76 41 

76 51 
74 28 

74 18 

77 51 

75 48 

75 37 
73 37 

78 56 
73 39 

76 32 

73 21 

74 02 
rj 44 
76 30 
T7 51 

74 05 

75 15 

79 24 
79 19 
75 29 

75 50 

76 00 
TJ 59 

74 31 

75 46 
73 40 



81 12 
til 31 
81 01 

80 45 

81 47 

81 40 

82 50 
84 00 
89 21 

80 S3 

83 36 

81 00 

84 86 
84 27 
83 00 

83 00 

84 31 

82 43 

81 40 

89 31 

83 49 
81 00 
74 00 

84 06 
80 44 



40 30 

41 30 
40 10 



82 30 

83 40 
81 10 

84 S7 



83 00 

84 41 
81 45 



Fe«t. 

180 



327 
932 



463 



42 

516 

3G5 

27'J 
56 

2.'i0 
70 



400 
54 
1,43«J 

250 



25 
GOO 



1. 454 

"soj 

""41 



1,260 



1,205 
6:)0 
650 
961 

1.255 
665 
523 
555 
825 

816 

337 

••••••• 

800 
•300 



693 
800 
387 

643 

i.oee 

693 
620 
1.400 
1. 103 



700 
900 
340 
L120 



e 



T.R .. 
T.R .. 

T 

B.T .. 

T 

B.T .. 

T 

B. T. R 

B. T. R 

T.R .. 

N 

A .. .. 

T 

A .. .. 

T 

T. R . . 
B. T. R 
T. H .. 
B.T. R 



A .. 
A .. 
T. P. 
B. T. 
T. U 
B.T. 
T.R 
T.R 
A .. 



T.R 
A .. 
T... 



T. R . . . 
T.R ... 

T 

B.T.K. 

A 

T 

B. T. R. 
T. R ... 
T 



aT. R. 

aT. R. 

N 

T.R ... 

A 

A 

A 

N 

a T.R. 

B. T. II. 

A 

T.K ... 
T.B ... 

T 

a T.R. 

A 

A 

T 

a T.R. 
T 

a T.R. 

T* ft • * « 

N 

aT.. . 

T 



* Abova low'woter in the Ohio river at Cincinnati. 
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LiH offHcleoroiogical staiumM and oitsercers, ^|w.^-CSou tinned. 



Mwiw of oi>M:rver. 



Tbompaon, Her. Ellns 

Thompnon. Prof. II. A.... 
Trfi:.!.!' V J. B.. J£ D.... 

VVar-l U. V. L. P 

W.ir>'.i I'. A A 

WiUmtU!* i'r.)f. >r. Q 

Wilson, Prof. J. II 

Y4MUA JPrut Cbiu. A. . . ( 
^* 0...r.. i 

Ironudo. R. B.. 

|niii». r. L 

Awil W. EL B 

£27 I*-*'* 

BrDckart, H. O 

BrujTK^r, SainacI 

D.ir. ;:;,'lon. Ft UoIoQ 

fil^gcrt, John 

ITftnce, Eli< i>'')t"T 

Hoislt v, I);-. Joliii 

Hickok.. W ( > 

Hoffer, Dr. Jiirob U 

Jai''>bii l(('v. M... ...... } 

JacotMt, H. H J 

Kirkpatriek, Prof. Ju». A 

KohUT. Edward 

Lyceum. J (ffertiOQ Colkf* 
MSO 

;,.....-;:::::;! 

MaUer. PnC MMpb. . . . 

Rii]«-t<.n, Rev. J. On«r 

Kicksockcr. Ludiu B 

Kavi ry. Th<>*. II 

gmith, \Vm , I). D 

Swift. Dr I»!iMl 

Tnvlor J'-hii 

w/i.k. r. i: 1" n I, 

Week-, .f.i..ie:« A 

1 1 U " 1 > rJ I - I A M >. 

CmwcU. Pn>C Al«xi« 

gbddoB, &0^.%.« 

Mn 5 



GrotoD 

WNlerTlIlB... 

Toledo 

W<»!unrion . .. 
<':ti' i,,;rili _ . . 

I'r baud 

C'>iiemBlU.. 



Cuaut/. 



Anbara 



FnukBB ... 

Luraii 

Eorivino 

ll:rnilt<in 

C'tiaiupatgii . 
Hamilton . . 

Smnfliit .. . 




BM teii tHIc — 
Benrick 

Shut, ...kin 

riiiluJ. Ijihiri . . . . 
A(Vjrri« \ lUi ... 

lliin i-l/'ji t,' 

IliirriHlinrg 

SI.'Uiii .Iiiy 

(i< tivhlmrg 

i'tiiliiM. I|)bia .. .. 
.North WhiMhaU 
ConnooriNUIff.... 

Byb«Ti-y 

(tennanUiwu 

Pittsbnii 

Morrialowii 

MaxanMb..'. 

Altoona 

CannoDiilmrf 

>V««*tIInvprlbrd- . 
CounolUvUio . . . . 

Monrhtad 

OU city 



r..ik. r . 
Marioo 



Tlofpi... 
IndUM. 



OntM 

Cbetftcr 

Columbia 

N'i'[thiiii)berlatul 
I'hihi.lt Iplita .. . 

Unrki* 

Diiii jitiiii 

l»ilI!I>lliH 

I..ttac4uU:r 

AdMt 



I^MMl Hiurriann 

W . W 

' VKRMONT. 

Bnckliind, David 

ChickrriDK. Hev. J. W 



ProTldeoM. 
FrmrfakBee. 



Philadelphia 

I.clii-h 

Plilljiil.':p}ila 
Pbilodvlpliia 

All^lkaiij .. 
Itoa tgoBMry 

MortbMDVRMt 

Blair 

Waahtegton . 

Delaware . . . 

Vavfttti 

Alfi^'banj . - 



4 

a 

I 

o 



o # 
40 13 

40 04 

41 a» 

41 oe 

40 Cli 
39 li) 

41 15 



V 
"3 
0 

a 



o t 

es 98 
83 00 
8i8l 

81 13 

HI 

f t ■» I 

'..'.'> 
81 M 



804 

875 

J, 0I,-| 
ft K.) 

1,1^7 



41 ;i7 

44 W 



42 00 



40 31 
40 05 

40 9S 

39 54 

41 US 

40 4o 

39 r>7 

40 li 
40 U> 

40 ao 

40 00 
J8 48 

88T 
40 

40 17 
40 05 



40 30 
40 08 
48 43 

40 35 
40 W 

40 W 

40 I.UI 



m 01 



75 80 



74 48 

77 80 

75 37 
7« 15 

7rt 30 

75 SO 

74 4fl 

76 15 
7(J 50 
711 M 

77 15 

7.-. in 
7.j '.'li 
80 10 

75 00 



1,010 



790 

700 
80 
30 



320 



80 00 
75 l» 
75 91 

78 22 

80 10 
7.-. '-'1 

7:< JC 



AM 

.7) 

•J.V) 

ti;it; 
70 



937 
153 
530 

1.178 
936 
400 



Provideoce . 
ProvUaoM. 



GiMfcSTllto 



St. r..«.-vr(}« 

Suit LokeCHy 



Brandon Uutland .. . 

RprinirfK Id Windior .. . 

Loneoburg Eswx 

Moatptlter ......{ W^biH^ 



Beaufort 



Washington 
Salt Lake .. 



41 49 
41 80 



32 20 



36 98 



37 00 
40 45 



43 45 

»:t 1^ 
44 

44 17 



71 23 
71 9& 



80 40 



87 13 



114 00 
111 96 



73 (XI 

71 41 
79 38 



1;!0 



481 



4.960 



1,1^ 

540 



11 



T.R ... 

A 

&T. R. 

A 

T. U . . 

H. r. u. 

H. 1 . U. 

aT.B. 



T 

&T.JII. 



o 



T.R 



T. — 
T.B.. 



R • • • 
T. R . . . 

A 

T. R . . . 
T.K ... 
&T»B. 

A 

A 

A 

RT.*R. 

• • • * • 

T 

A 

T. R . . . 

T 

&T.R. 
A 

T 

T 

a T.R. 

T* K • • • 

T 

T 

T 



&T.IL 



H, T. P. 



A 

R • • ■ • 
A 

T.R 

T. U .... 

A 

B.T.... 



1 

ii 

8 



1 
X 



19 
1 
4 

19 

11 

8 

U 

1 

It 

8 

19 
4 
19 



It 



S 
t 



4 

11 
8 
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APPENDIX TO THE fiEPOfiX OF THE SECEETABT. 



ZiUt of meteorological stations and observers, i^c. — Continued. 



Kmme of obterver. 



Stephen O 

IMAMk, Jamee A 

gMto r, Joseph 

nity, McK - 

Pollunl. T, P 

Tobcy, James K 

WASHINOTOM. 

Swah, JaaK-H O 

WISCONBUI. 

AnaatooDf, 8 

OuttaL W. W 

BUliTEdwiii, M. D 

Orldley. Rer. John 

Keltojr, Chariee W 

I^ham, iDcr'se A., LL.D 

Lvps, Jacob 

Itonii, William 

M il h< w>% Oeorge 

Mead, H. C 

PortiT, Ih nrj' I) 

Rtcrlintr I'rof. John W... 
Wliitii:^ W in. M 

Wink ler. Car l. IL D 



Station. 



Bntland 

Cniftsbaiy ... 
Weit Rapprt 
BarUngton . . 
Brooklold . . 
CaUa 



KeenhBaj, 



Waterford . 
Rocky Rub. 
Oduah 



Maflald... 
lOtwankee*. 
Manttowoe . 

Bnperlor . . . 

Hrii^hfon . . . 
NVuu|iacu . . 

Htloit 

Madii^on . . . 
Geneva ■ . . . 
MUwankee-. 



County. 



Bennington . 

Chittenden . 

Oraiipii .... 
WttAhiugtuQ 



Racine . .. 
Columbia. 
Ashland 
Kenoeha 



-Mlwankee-. 

Manitowoc . 

Diitiir'np 

Rock 

I)»no 

Walworth .. 
MUwankee.. 



I 



o > 



44 40 

43 IS 

44 97 

a 02 
44 2a 



28 41 



42 48 

43 2(5 
46 3:) 

42 35 

43 06 

43 03 

44 07 
46 46 
4 2 36 
44 20 
48 30 
43 05 

42 3U 

43 03 

44 15 



■3 

a 

% 
a 

S 
■ 



O I 



79 99 
73 11 

73 10 

72 36 

73 09 



124 37 



86 13 

89 90 
yi 00 
fc7 50 

86 36 

87 89 

87 45 
99 03 

88 03 

89 11 
89 04 
89 85 

eu 41 

87 57 
88*50 



• 

n 



F«eL 



1,100 
750 
387 



40 



610 
600 
900 
893 
6SU 
680 
700 



7ri0 

1,068 



600 
850 



a 



2 
1 



T... 
T.R 
T... 
A .. 
T.R 
T.R 



T 

T 

T. U . . 
T.R.. 
B.T.B 
B.T.. 

A 

RT.. 
T« R • • ' 

N 

T 

B. T. R 
A .. 

T 

RT. R 
T 



1j 
J' 



• 

It 

3 

19 
5 
1 



S 
8 
9 
1 



I 

1 

18 
10 
• 
IS 
II 



DBATHS OF 0B8BBVBBS. 

Pr. S. r. nildrptb, Marietta, Ohio. Jtilv 24, 1863. 
T. F. rollard, Brookfiold, New Hiiuipshire, Aupust 19, 1868. 
Hon. Robert Ilallowell Uurdiner, Gardiner, Maine, March 98| 1864. 
David Bocklaod, Bnuidon, Vennoiit, July 19, 1864. 



CeiUget and other instUmlumafrmn which meteordhgiad registert wre 
dmrvug the year 1863, mduded m thepreeedmg list. 




VoTft Soolia 
ff^ia^f . .. 

Conneeticot 
lUinoiB 

lumm 

Maine 

Maryland 

Mieblkui 
Haw JanoT 
"" Yofk.. 



Ai-udia C\)11c<xe . .......... .... 

Kint^'s College 

(»ramnmr School , 

Magnetic Ol».'<ervatory _., 

Weslt'van University ., 

Luuilmrd University 

University of Cldaigo 

fV^rndl ("oUcpe 

(irihWoUl College 

Iowa State Univeiiiri^....... . 

Oak (Jrovr Seminary 

Washinpton College 

Amherst CoUeee . 

State Lunatic Hospital 

Williams College 

State AfrriciiUnralOoUagia 

Fn« li(ild Institute 

Institution tur Deaf and Dumb 
Emsmtu Hall Academy. 
Univani^ of Booheiler 



Wolfvilla. 

Windsor. 

Niafjara. 

Toronto. 

Middletown. 

Galesburg. 

Chicago. 

Mount VemoB. 

Davenport. 

Iowa City. 

Vassalboro'. 

Chestortown. 

Amherst. 

Worcester. 

Williamstowa 

Lantting. 

Freehold. 

New York. 

Flatbiuh. 
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College*, ifc.,Jrom wkiek meUoroltgical registers wen rteeived, ^fi^.-^ontinned. 



I 



Ohio Fanners' CoUcpe College HilL 

llftlcvon Acfidoujy ............... ....I Croton. 

Ottcrbcin Uuivorsiiy I Wotoi viU*. 

Urbdiui University .... Urbuua. 

\ Wcsti-rn Kcservo Colli:{r<*... ......... .... Hadson. 

Woodward Hifrh ScLuul Cincinnati. 

Oregon Wi;lamott(r Univuisity .J Saiem. 

PenosjlTMite...... Ccutmi i\'n;h School 

_ , Jiiiverford OolU-ge 

Ji lT' i.<-oti L'ollo^^o 

Bbocle bland B i o w n 11 n i v ^ rait j { Providenco. 

Tennossco ' Stewart Collfpri' riniksville 

Ycrmout Uuivcrsiiy ot Veriuont , BuiUngtou 

Wiacooain Beloit College 

WiMonaia umveraity 



Philudclphia. 
We«t HaTcrford. 
Canuonsbuig. 



MBTBOBOUMICAL MATBBIAL CONTRIin TBD IN ADOITIOK TO THB BBOfTLAB 

OBSBBVATIONS. 

Abhott. Francis. — Abstmrt of observ.itions made at eight stations in Tas- 
mania, or \ UM Dit'inan's Land, durin'^'- (lie six moaths endiog Juoet 1862» for 
the papeTii and pioctedinj^s of the Itoy.il .Society. 

Caswell, Prof'. A., D. D. — Summary for the year 1863, and compuribt>n with 
the pravioQB tniity*two jeut* at Frovidenee, Rhode Island. Printed in the 
Providence Daily Journal. 

Dabney, William H. — Xcniperature of the valley of Orotava, Inland of Tene- 
riffe, compared with that of London. Pari.-, Pan, Nice, Bomei and Madeira. 
Bxtracted from the pamphlet of the liaroii *»f Belcaatt l. 

Dreutzer, O E., (consul, Bcrgeu, Norway.]— Summary uf meteorological 
observations for each month in the jear 1863» kept at the hospital in Bergen. 
The readings of the b.irometer reduced to indies* and the thermometer to Fah- 
renheit soak , hy Mr. Dreutzer. 

Gardiner, It. H. — Printed pummary of obaervationf* dnrinjr the year 1SG3, 
at Gardiner, Maine, and monihly mean temperature and amount of rain for a 
period of twenty-seven years, £rom 1837 to 1863, inclusive. 

Goddard, C. W, — Daily observatbns at OonstantiDople, from October, 1862, 
to September, 1863, inclnsive. Also a snmmary for the jear 1862. 

Gregory, S. O. — Diagram .'^bowing the ehanges of the wind every daj in the 
y^r 1863. nt 'I'heref^a. New York. 

Graham, Colonel James D. — Register ot' water level and meteorological ob- 
servations, made at the following places, under the direction of Captain George G. 
Meade, topographical engineers, until August, 1863, and aubsei^uently under the 
direction of Colonel James D. Graham, corps of engineers, snperintendent of 
the survey : 

Sackett's Harbor, New York. — .July, 1861, to December, 1863. 
Charlotte, New York. — July, 186l! to December, 1863. 
Fort Niagara, New Y ork.— Fuly, 1861, to December, 1863. 
Buffalo, New York. — June, 1860, to Deceuiber, 1863. 
Oleveland, Ohio. — June, 1860, to December, 1863. 

Monroe, Michigam-^nly, 1861, to December, 1863. * 

Detroit, ]\Iichip;an. — Januar}', 1860, to December, 1863. 

Tiwas City, Michigan. — July, 1861, to December, 1563. 

Thunder B.iy Island, Michigan. — ^Tnly. 1861, to November, 1863. 

Sugar Island, Michigan. — November, ltt63, to December, lb6ji. 

Grand Haven, Michigan. — July, 1861, to July, 1863. 

Ontonagon, Michigan. — July, 1861, to December, 1863. 

Snperior, Wisconsin.— June, 1661, to December, 1863. 
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Ives, Will ram. — Snmniar]r of obaonratioiit at Bnffido, New York, dnriiig the 

year l^'G.;, uew t'paper i?Iip. 

Kirkj/africk, Professor James A. — A general abstract of the meteorological o\y 
ferrations made at Fhtladclpbia daring the year 1863, and a comparison witk 
tboee of the last twelve yean. Printed sheets fton the Jounal of the Ffttnkliii 

Institute. 

Lake Winnipisscogee Cotton and WooUen Manufactnring Company, Nete 
Hampsh'tre. — Amount of rain for each month in 18G3. at tiio outlet of Lake 
Wiuuipisiicogcc, iu the town of Laconia, New UumpHhire, and also at Lake 
Village, about fonr miles south on the same stream of water. # 

XrJ^.i).^Tablc showing the directiou and force of the wind for 
each nour during the month of Septt mbt r, 1863, at Milwaukee, Wisconsin, 
taken from the autographic rrcord made by Bnrneirs nnemogtaph. Prepared 
for the CommiBsioncr of Agriculture by I. A. Lapham, LL.D. 

Sumuiary of observations at Milwaukee, Wisconsin, with a full set of instru- 
ments, during the year 1863. (Printed slip from the Milwaukee ISentinel.) 

Lewis, James, M. D. — Hourly k ( r l of the temperature at Mohawk, New 
York, during the year 1863, from the register made by his metallic self-recording 
thermometer ; also, monthly and half-monthly means, and hourly mean for the 
whole year 1863. 

Lippincott, James S. — Meteorological observations made by lieujamiu 
herd near Greenwich, Cumberland, New Jersey, from Maieh, 1856, to June, 
1861. Tabulated and reduced by James S. Lippincott, Haddonfield, Camden 
county. New Jersey, for the Smithsonian Institution. 

Logan, Thomas M.t M. D.' — Monthly f?ummario8 of the mpteorolog'y and 
necrolog-y of Sacramento, California, reported for the SacraincuLo Daily Union 
by Thomas M. Logan, M. D., secretary of the Board of liealth. 

Contribution to the Physics, E^^giene, and Thennoloey of the Sacramento 
River, by Thomas H. Logan, H. D. From the Pacific Medical and Suigieal 
Journal. 8 pp. 8vo. 

Mafntettral Oh.terratoryj, Toronto, Canada West, (Professor G. T. Kingston, 
M. A., (lirt c tor.) — Mean meteorological ret-uli.-? tor the year 186^; also, a com- 
pari:<ou of ibc same with a seiies of preceding years. 

May hew. Royal. — ^Meau temperature at Indianapolis, Indiana, fat the hooit 
of sunrise, 7 a. m., 12 m., and 2, 6, and 9 p. m., during each month in the years 
1861, 1862, and 1863 ; also* the amount of rain in each month during the same 
period. 

Morris, VrnJ" Orati W. — >!*ummary of obsstrvations for 1863, giving maxi- 
mum, minimum, mean, and range of all the instruments for each mouth, as kept 
at Uie Institution for the Deaf and Dumb, New York. 

Mtardockt G. — Appendix to Agricultural Report, being hints on meteorology, 
with summaries of observations madn at Saint John, New Brunt^wick, in the 
years 1S'>1 to 1862, inclusive, by G. Murdoch, superintendent of water-works 
at St. .John. 8vo. 34 pagefl. 

NasoH, ilcv. Elias. — Record of events in Exeter, New Hiunpshire, during 
the year 1863, containing notices of the weather. No. 3, by the Bar. Ellas 
Kason. 12mo. 24 pages. 

Ohio State Board of Agrict/lfurc. — Fifteenth Annual Report of the board 
io the general assembly of Ohio for the yf ir 1S60. Contains articles on the 
influence of fotr'stf upon :*oil, climate, rsiiu, and winds. P. 255 to 274. 

Report for ISGl. " The atmospheric conditions, showing the valne of ba- 
fometers for agricultural purposes," by 0. A. Biehud, of Columbus, Ohio. P. 
834 to 275. 

Osservatorio del Collegio Romano. — Bulb tino Metcorologico del' Op.'«t\ atorio 
del ColU'irio Romano con corri.-^pondniiza o bihliofrrafia per 1* avanzauu nto della 
fisica terrestre. PublUUcd at Romo twice a mouth, beginning March, 1862. 
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Paine, H, M., M. D — Smnranry of obaervations at ClintOD, New York, for 
1^6'^ and 18G3, whli -x full set of iuatrameiktai giving the monthly and annual 
mean;;, maxima, and niinina. , 

PaUrson^ Rev. A. B — Meteorological notea for December, 1863, at St. 
Paul. Mumesota, with a eomiNuiwii trith the prevkmB Ibur jean. (Newspaper.) 

Biotu, C. N. — Printed summaiy of obBeiYationa made at seven Btationa in 
Costa Rica in the year 1 ^^G3. 

Sartorhis, Charles. — Summar|r for the year 1863, with fall set of instra- 
ments, at Mirador, Mexico. 

tkcchU P. Angela. — Alcune richerchc mcteorogiche sulle tcmpestc occorse nel 
18M^'60 memoria del P. Aogelo Seedii. Eetmtta dagli Atti della accademi 
dc' Nuovi Lineei Seesione III, dell' Anno XIII, del 5 febbraro 1860. Beme* 
1860. 28 pp. quarto. 

State Department. — Statistical report ou tlu; weather and bealtb of Fraakfort* 
on-tbe-Main during the year 1863, by William W. Murphy, consul. 

Vaughant Captain D. — Meteorological Journal and Report relative to the cur- 
le&te, elimate. and navigatioii of that portion of the lower St Lawrence forming 
the Strait of Belle- lale. Seeond edition. Oompiled by Captain D. Vangban, 
Quebec. 8vo. 62 pp. 

Whitehead, W. A. — Summary of nhjorv it innM durhi;:^ the year 18G3 at 
Newark, New Jersey. Printed »lip from Newark Daily Advertiacr. Also, an 
article on the " Climate of Newark," being on examination and comparison of 
the obBervatknui made there dorinff the laat twenty years. 

Wislizemutf Jtf. 2>^Monthly and yearly mean of positive atmospheric 
electricity, of temperature, and of relative humidity, in 1861, 1862, and 1863, 
at St. Louis, Missouri, based upou daily observations nt 6, 9, 12, 3, 6. and 
0 o'clock. Published in the St. Louis Medical and Surgical Journal. Vol. I, 
No. 1. 
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REPORT OF liiE EXECUTIVE COMMITTEE. 



The Executive Committee i-espectfully submit to the Board of Regents die 
fbllowiDg report of the receipts and expenditures of tlic iSmiiiittouiau Institution 
during the year 1863, with eatimates for the year 16(34: 

Qmertd Statemmt. 

BBCJBIPTS. 

The whole amoviit of the Bmithson beqoe&t deposited in the 
treasury of the United States is $515,169» from wliich an 



annual income at G per cent, is derived of $30, 910 14 

The extra fund of unexpended income is invested as follows, viz: 
In 87.'), GUI) InJiauii ') percent. bond.«, vielding (lef*s United States 

tux) 3,749 50 

In $53,500 Viiginia 6 per cent honds. 
In $12,000 Tennessee 6 per cent, honde. 
In S500 Georgia 6 per cent, bonds. 

In $100 Washington city 0 per bonds, yielding 6 00 



Total income 34, 665 64 

Behinee in the hands of the treaswer, Jannaiy, 1863 29, 509 61 



Total reoeipts 64, 175 25 

# EXPENDITURES. 

For hnilding, fnnitnic, and fixtoKS $2,111 78 

For general expenses 11,688 69 

For publications!, researches, and lectures ........ 10, 761 65 

For library, museum, and gallery of art 7, 2o9 23 

31,821 35 

■ »■ 

Balance in the hands of the treasurer, Januaij, 1864 32, 353 90 



STATEMENT IS DETAIL OF THE BXPBMOITLBES OF 1863. 

Building incidentals $1,598 79 

Fomitnre and fiztores 512 99 

$2,111 78 

Meeting's of tbf Board of Uejronts 104 50 

Lighting ..(. 343 71 

Heating 1,090 75 

Postage 421 46 

Transportation, general :w4 05 

Exchanges 1,357 76 

btationery 486 09 
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General priutiug Sii ."jO 

Apuaratus 631 ^8 

XiBOoratoiT 129 59 

Incidentals, general 584 65 

Extra derk-hire 371 65 

SalanVf, ppcretary 3,500 00 

Salaries, cliief clerk, bookkeeper, laborers, ice IF^O no 

— «1 1,688 69 

Smithaonian contribntions 2, 545 48 

Smitbsonian repoite « 583 85 

Smithsonian miscellaneous collections 3, 535 88 

Smithsonian and other pnblicationB 441 15 

Meteorology 2, 410 97 

ReBearchea and investigations 150 OQ 

Lectures 1,01)4 32 

10,761 65 

Cost of books and binding 1, 844 65 

Pay of assistants in library 1, 100 00 

Transportation for libraiy 290 35 

Incidcuialn for library 24 15 

Museum, salary of assistant secretary 2, 000 00 

Transportation for nrasenm 695 29 

Ineidentals for maseam 395 40 

Explorations for mnsenm 762 30 

Gallery of art 147 00 

7,259 23 



831,821 35 



The wliiile income during the year 1863 waf $34,605 64, corre^jxjmliriL; willi 
the estimate iu the report for 1862. The exi>eudilureH during the yeai- 1863 
were $31,831 31, leavinj^ $3,844 33 to be added to the balance in the bands of 
the treasnier at the beginning of the year. 

The amount of bills outstanding will not exceed $2,000. 

The foregoing gtatement is an actual exhibit of the Smithsonian fund? irre- 
spective of credits and payments made in ln huU'of other parties. The In.-ititu- 
tiou has during the year paid several bills for work dune and articki^ purchased 
on account of the government, part of which has been lefnnded and credited to 
the appropriation from which the expenditure was originally made. Those 
which have been refunded arc as follows: $476 87 from the Surgeon General's 
oflSce for books purchased in Ewrope tlirou^li the agency of the Inr^iilution ; 
and ^37 from the Naval Observatory (or transportation. In addition to tlieBO, 
sevend expenditures have been made on account of the Light-house Board for 
photometrical apparatnsi and experiments in the laboratory, which have not yet 
been refunded. 

Me3sri«. Rice & Kendall, of Boston, have also refunded $93 80 for paper pnr- 

cbnc«ed of them remain in in their hands not used. 

The appropriations from Conp*e8S for the preservation of the collections and 
the distribution of the duplicate specimens of the exploring and uurveyiug 
« xpeditions of the government have been expended, as heretofore, under the 
direction of the Secretary of the Interior in assisting to pay the expenses of 
assistants in the musenm, and the cost of arranging, labelling, and preserving 
the specimens. The sums thus received have been credited to the museum, and 
have served to diminish the apparent amount of expenditures for that ol^ect 
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The estimated expenditure^^ for 1863 were follows: 



For building, furniture, and fixtures S2, 000 

For general expenses 10, 500 

For poblicatioiu, researches, and leetaies 10, 500 

For library, moseimi, and gallerj ofart 9, 000 



XoUl f'^ ' 000 



The actual ezpenditnre on the bnil^g isTery oeailj the same as ibo aamiil 

appropriated. 

For general rxp<>ns(fd tLc amount is lar^^ tium Uie estimate, and tills is due 
to the increased cost of materials. 

For pablieationB, &Ch the actual ezpenditore ia nearly the sasie aa the 
eatimate. 

' For library, museoaif and gallcrj of art, tlia expenditure is nearly three 
thousand dollars If?? than the estimate, but tlii.s on account of the expend- 
iture on the collections of the remainder of an approphation Coagiess for 
the distribution of the specimens. 
For the year 1864 the same estimates are leeoauiended aa thoee made for I86S* 
The eommitteo havo examined the booka and aeeoonia of the Inatiftion §or 
the past year, and find them to be conect. 
Bespectfolly anbmitted. 

A. D. BACHK. 
iiiCHAliD AV ALLACH, 
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JOUENAL OF PROCEEDINGS 

or 

THE BOAKD OF REGENTS 

THE SMITHSONIAN INSTITUTION. 



Wabhinqton, Jamuay SO. 1864. 

In accordance with n rcBolution of the Board of Rcg:entB of the SmUbfloniAn 

lut^titution, fixing the time of the bog!ii!;i: f their aiuuml r( <siou on the third 
Wednefdiiy ol January of each year, ili< lirtaid met this day in the Regents' 
room, at 10^ o'clock u. m. Present: Hon. S. 8. Cox, lion. J. W. Patterson 
Hon. R. Wallach, Goncrnl J, (1. Tottcn, and Professor Henry, the 8ocrot;uy. 

A quorum not beia^ present, the iiaard a4iouriied to maet on Monday, January 
25, at 7^ p. m. 



Monday, Jnnuarrj 1864. 

A meeting of llio Board of Rej^ents wn? held tltin day at 7.^ o'clock p. m 
Present: Hon. H. liumlin, Vice-President (^f the United States, Hon. W. P. 
Fessenden, lion. L. Trumbull, Hon. J.W. Patterson, Hon. H. W. Davis, Hon. 
B. Wallach, Mr. William B. Aator, General Joseph G. Tottcn, Professor A. D. 
Bricho, the treasnn^r Mr. Scaton, and Professor Heniy, the Secretary. 

In tbo absence of the cbancellor, Mr. Hamlin was called to tbe chmr. 

Tbe Secretary announced the election, by joint resolntion of tbe Senate and 
HoQflc of Bepresentatiyefl, of Professor Agassis, of Massacbosetts, as a Regent 
in place of Mr. Badger, tbe reappointment by the Speaker of Hon.*8. S. Cox, 
of Ohio, and tlie appointment of Hon. J. W. Patterson, of New Hampshire, 
and Hon. Ucniy Winter Davis, of Maryknd, as Regents from the House of 
ReprcbcaUilives. 

The general «tatement of the funds of the Institution and of the receipts and 
expenditures during 1863 was presented by the treasurer. 

The Secretary submitted the annual report of the operations of tbe Instita- 
tion dtiring tbe psst year, which was read in part. 

Tbe Secretary made a statement as to tbe policy wbicb bad been adopted hi 
regard to bequests and donations bayuig spedal conditions attacbed to tbem* 
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and gave the reasons for declining to accept a herlHurhim which had reeenlly 

been bequeathed to tiie liuititutioD. 
On motion it was 

lie^wlicd, That tho action of the Secretary in this case be approved. 

The Secretary called attention to the unexpected delays and embarrassment* 
which had occurred in obtaining the remainder of the ori^nal bequest of 
Smithson left in England as tlie principal of an annuity to the mother of the 
nephew of Smitfasottf and read the corieBpondenee on the solgect with the 
attmeya, and alao a letter from Hon. G. F. Adamst the American miniBter lo 
England. 

On motion it was 

Readvedt That a committee be appointed, consisting of the Secretary, Mr. 
H. W. Davis, and Professor Bache, to confer with the Secretary of State and 
the British minister relative to the action of the English authorities in regard 
to the money due the Smithsonian Institution. 

On motion, the Board a<\joiimed to meet on Wednesday, January 27» at 7} 

o'dock.p. m. 



Wkdnesdav, January 27, 18G4. 

A meeting ol the JJoard of Regents was held at the Institution at 7 A o'clock 
p. m. Present: Hon. H. ITamlin, Vice-President of the United States. Hon. 
G. Duvi.^, Hon. B. Wailach, Mr. William B. Astor, Profcseor A. D. Bache, and 
the Secretary. 

Mr. Hamlin was called to the chair. 

The minutes of the last meeting were read and approved. 

Professor Boche presented the report of the executive committee, which was 
read and approved. 

The Secretary presented the remainder of his annual report, which was read 
and adopted. 

He also presented a series of letters illnstratmg the correspondence and 
operations of tho Institntion.* 
On motion, the Board adjourned to meet at the call of the Secretary. 



TOBSDAY, March 15, 1864. 

A meeting of the Board of Begents was held ihw day at 10} o'clock a. m. 
F^nt: Hon. H. Hamlin, Vice-President of the United Stotes, Hon. & S. 
Cox, Hon. J. W. Patterson, Hon. B. Wailach, Brofesaor L. Agassis, Professor 
A. B. Bache, and the Secretary. 

Mr. Hamlin was called to the chair. 

The minutes of tho last meeting were read and approved. 

The Secretary presented a scries of works on natural history, which had 
been prepared and priiiled at the expense of tho Infititution, and tdao the 

* S«e end of tlw Proceedings, page 30. 
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manuscripts of several others which had been offered for publication. All of 
these, he stated, had been referred for critical examination to Professor Agasdit 
who would favor the Board with some remarks in regard to them. 

Professor Agasgiss stated that, so far as he had had aft opportunity of 
exaiaipjng the original papers, he considered them worthy of pablication; that 
be woald give the whole series of works on natnral history, which constitate 
portions of what is called the Miscellaneous Colkcttons, a critical examination, 
and present a report upon them at a fbtnre time. At present he would beg 
leave to make a few remarks on the importance of adopting measures for in- 
ersasing the efficiency of the active operations of the Institution by relieving 
them of the expense of the support of the museum, library, and gallery of art. 
Unless this could be done, many valuable contributions to science offered lor 
publication wouhl have to be postponed or refused. Ho thou^'ht tiiat tlio 
resources of the Jui^uiution were inadecjuatc! to carry on ut the .^ame time its 
active op( rations, amd maintain a must um, a library, and a gallery of art upon 
the ou\y footing upon wliich they can truly be creditably supported. AVitliout, 
therefore, making a definite motion, he would submit for futuic couttidcrution 
the propriety of asking the govcrnim nt to take charge of the muHeum, tho 
lihrirv. and the building now occupied by the InHtitiilion, witli ji view of maiii- 
taiuiug liiciii on a more extojifive Bcalo, and r( lieving tiic Sinitlisonian In-Jtitu- 
tion of a large expenditure which, for tlie advancement and (litTur^iou of science, 
had better hereafter be devoted to the active operations of the Institution, lie 
hoped that if such a plan would be carried out, the resources reverting to the 
Institution from the transfer of the museum and library to the government, 
either to form an independent orgauiziiiion nr to ho carried on hereafter as 
before by the Smithsonian Institution, the active operations of the latter would 
be greatly extended. 

The Seeretaty stated that the suggestions of Professor Agassiz were in i 
Mordance with the views which had been entertained by the majority of the 
Bittd of Regents from the first discussion of the organization of the Institu- 
tion ; that the present disposition of the funds was a necessity which was im- 
posed upon the directors by tht- require uients of the law of Congress establish- 
ing the In^^titution, and tiiat he iiad always entertained the hope that the sup- 
port of the buildinj; and collections would in due time be provided for by the 
general ^ovornnient, and a national mu.«eum be founded which would bo com* 
mensuraio with the inteliigeuce, extent, and resources of the country. 

Professor Bache fully concurred in these remarks, and moved the following 
Isolations, which were adopted : 

Resolvedt That a committee be appointed to report to the Board of Regents 
any sag^gestions for extending the active operations of the Smithsonian Institu- 
tion, and for the separate maintenance of tho collections. 

RcsoUed, That thi.^ committee con.-i.-t of Trofe.^^'or Agassiz, the Secretary 
of the Institution, Mr. Fcssenden. Mr. Patterson, and Mr. Cox. 

The Board then adjourned tine die. 
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XiBTTEBS 7BE8EMTED TO THE BOABD OP REGENTS TO ILLO0TSATB TBZ 
C0BBE8P0NDENCE OPERATIONS OP THE INSTITirnON. 



Co mmumc aiUm from Dr. B. A* Qould, on a new tiiscuuum and nduetim »f tke 

oboerwUiom of Fiazzi ijf Faiermo, 

CAMBBlDnK, May 10. 1863. 

My Dear Siu : For many years* I have been strongly convinced that lui 
extremely valuable contributiou to astronomical science might be made by a 
new dtBCOBflioii and lednetion of the observations of Piasii at Palermo. 

Tbift eminent astronomer, with his a^si^tant^, wa« enj^agcd, during the twenty- 
two years from 1792 to in ob.-erving the po~iti of the principal fixed 
8tm.s. lie was providcfl with tlu- best instruments which could be obtained at 
that time, and hiss observatiou« have been, and must continue to be, our prin- 
cipal and most trustworthy source of information as to the places of between 
aenren and eight thooaaad fixed stars at the b^mriar of the preaent eeBtaiy. 
As nearly as I can estimate without an actual count* he must nave made abont 
ninety thousand determinations of right ascension, and from sixty to seventy 
thousand of declination, the orijrinn! ipmrds of which observations htiil exist. 
From these he constructed his two well-known catalogues — ^the lir^t in 1B03» 
the second in 1814 — containing the mean places for 1800.0 of 7,C46 stars. 

His methods of observation* while, of eonrse, &r inferior in manj reapeels to 
those of the present day» were the best in uec at that period ; and the care and 
fidelity with which they were n?ed peem to have been unsurpassed ; and, al- 
though tlie reductions nijon wliich the catalogne was ba«ed seem to have been 
iuc>ommeu:«urate in precihiou wiih the obi»ervation8 them^^clves, still this cata- 
logue has, for the past fifty years, been a standard authority with astrooomers. 
and, for a great part of that time, their chief dependence for both tiie right 
ascensions and declinations of stars. 

Tlic original ob-rrvations of Piazzi wore pent by biin for safe keeping to his 
friend Oriani, in Milan, n'ul have been earefnlly prescrvi-d at the Oo»er%'atory 
of the Brera in that city. In lt>4ii. Professor Littrou, the director of the Impe- 
rial Observatory of Vienna, incited specially, as he says, by Argelaudcr, and 
eneonraged by Bess^l, Gauss* Schumacher, Stmve, &c., commenced the printing 
of these original observations as part of the series of Annals of the Vienna 
Observatory, and they havethu^? bfen for several years accei<sible to ar^tronoracrs. 

When organizing the Dudley Observatory iu 185G-'oS, it formed an integral 
part of my plau, not merely to institute new observulionf* of the heavenly bodies, 
but to carry on such computations, reductions, &c., as might render available 
past observations of this and the last eentnry, which would otherwise be either 
naeleas or of inferior value to astronomy. Various undertakings fif this kind 
were planned, but the first of all to be begun was the re-reduction of the whole 
series of Piazzi's observ*atio!i«*, using the best values of the constants of j>re- 
cession, aberration, and muiatiou, and investigating all the instrumental errors 
with care ; and I made considerable progress in arranging tlie details of the 
eompntatton. After eommnnication with Professor littron, and an extended 
eorrespondence with Professor Argelander on the subject, in which this diatin* 
gtiished astronomer gave me many very useful suggestions, the whole plan was 
compli fed, and, but for the niisfortunt which interfered witli the nsefnlness 
of the Dudley Observatory before its activity had fairly beguu, the new cata- 
logue would doubtless now have been iu the hands of astronomers. 

My health and opportunities of labor being now greatly improved* I am 
anzions to resume this work, and write to ask for yonr influence and aid* as hx 
as possible* in ftirtheranoe of the plan. Knowing, as yon do, the nature of the 
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work proposed, it is almost needless to dwell npon its value to science. The 
one consideration, that Piazzi's observations must, for long years to come, fur- 
nish the only means of determining the proper motions of more than live 
thousand stars, is of itself sufficient. For the other stars ob.-^erved by him, 
they constitute a most important element in the detennination. The huge 
ntmiber of stars, observed in zones by Lalande, at almo.st the same period — more 
than fifty thousand — depend for their reduction and value almoj<t sohdy upon 
Piazzi's results ; and the formation of a new catalogue of the latter will give an 
altogether new value to the results of Lalande. The great m;u»s of independent 
observations thus rendered more accurate can speak for themselve.**, and it is 
manifest that their usefulness will be far greater than that of the same number 
of new observations made now. 

Unfortunately, Piazzi's observations do not afford all the elements now 
known to be needed for their reduction, and it will doubtless be necessary to 
reduce them differentially, thus greatly increasing the labor. Not merely ques- 
tions of azimuth, zenith point, and clock correction, but also questions of 
graduation, of irregularity of pivots, and even of refraction, must be discussed, 
thus rendering the uudrrtidiing one of no small magnitude; still it would, I am 
Bare, be labor well bestowed, and, as Professor Argelander wrote me in 1857, 
•*it would be a grand thing, • • • • and one of the most important 
things that could be done." 

, The first process required is the reduction to the mean enuinox of 1800.0 of 
til the observations just as they were given by I'iazzi. This is a work which 
could be Ciuried on by ordinary computers, and would in itself be of great service, 
even were the discussions of the observations to be omitted. It would consti- 
tute nearly two-thirds of all the labor, and possesses the great advantage that 
whatever is done, be the amount large or small, is immediately available. The 
best estimate that 1 am able to makc^ gives about So, 000 as the probable cost 
of this reduction, to which fnun one-quarter to one-third should be added for 
the expense of checking, comparing, and correcting mistakes. Therefore, be- 
fore beginning, I desire to make sure that at least SG.OOO will be available for 
the purpose. There is scarcely a limit to the number of computers who could 
be employed at once upon this part of the work. It might easily be accom- 

{)lishcd in a single year, or it might be slowly and regularly carried on for a 
ong time, the expense b< ing not very different in the two cases. 

This process being conipleti'd. the remainder of the work, consisting of various 
investigations, in addition to the discussion of the instrumental corrections, and 
the formation of a catalogue from the observations after all reductions hav<' been 
applied, would, of course, require more deliberate study. It would prolwbly 
occupy at least two years, but I think the expense would be decidedly inferior 
to that of the first process. Indeed, I have convfhccd myself that all the out- 
lays needed for the whoh' underUiking in all its branches would not exceeil 
$10,000, and that if this sum were now available, the work might be completed 
in two years, injismuch as parts of all the processes could go on simultaneously. 

My sense of the usefulness of this work, and my conviction that astronomers 
everywhere would agree in this opinion, are so strong that I have determined 
to appeal to you for aid, well knowing that your interest and moral support 
will, under any circumstances, not be wanting. It is precisely such an uader- 
laking as the plan of the Smithsonian Institution would lead it to encourage; 
and although I can readily see that the amount needed is larger than the Smith- 
sonian would probably be able to apply at any one time to the furtherance of 
any one science, still I come to you with my plan, well assured that you will 
willingly do what you can in its behalf, whether by some gradual appropriation 
year i^ter year, from the Smithsonian funds, in aid of what I have called the 
first process, viz. : The computation of the correction to the mean cq^uiuox of 
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1600.0t or in some etUl more aelive wmj> hy entiBtiiig Interait and Meming aid 

from ntl)cr fotircps. 

For bcvcral months p.ij»t I have devoted such time and rai niis at* I could to 
the preliminary steps, and, as you are aware* I now desire only the means of 
defraying tlie indispensable outlays, wishing to eontribnte mj own terricee in 
behalf of the work. 

I am, dear bit, very xespectfonjr and truly yooriy 

B. A. OOULD. 

Professor Josrpm Hbnry, 

Secretary of the Smith tonian Institutiotu 



Project of a» ouilme hutory of public rfJurafion ta the Vmied SkUet, b$ 

Frederic A. F(u kard, 

The proposed Tolnme to contain from 600 to 800 pages royal 8vo, to be 

put up in a cheap form, in the manner of legislative documents, with ample 
tabloH, indexes, &c., for easy rpfcrenro. Tf it f»hall bo thought best, the form 
might be changed to tico volumes— -<iue euibraciag the original thirteen States, 
and the other the remaining States and Territories. The plan of the work 
would eomprise the following topics : 

I. Of universal education, considered as an essential element of free political 
institutions, what should be it^ character and extent? 

II. An historical sketch of tli*- laws of the several States on the subject of 
education, and the establiahmeut ot public schools, academies, aud colleges. In 
this connexion would be given the provisions for education under the colonial 
government, and their influence on succeeding legisUtion. * 

III. An abstract or synopsis of all laws now in force in the several States 
touching public education, and of contomporaneous judicial expositions of the 
law, BO far H the}' aflfect the essential principles of the system. 

IV. A f^lvctch of the present state of public education in the country: 

( a.) Of the dimtion of territory for school purposes, what aud how made ? 

(b.) Of the manner of rattimg money for the support of schools, and the 
amount raised and expended In each decade of years, of the present century. 

(c.) Of the permanent revenue for the support of schools — if derived from 
a fund — whrn and how wa« Fuch fund cn';(t« (l, and what is its amount and in- 
vestment i w hat portion of the annual Bchooi expense is derived from it, and 
what is its ellecl to blimulatc or depress the working of the system ? • 

(d.) Of the number and average age of ckiidrem under mstruction, distin- 
guishing the sex ; the numW^r in attcndanoe, in proportion to the whole popu- 
lation, and the average time of attendance. 

fej Of th( inrxlc of employing teacfiers and detennining their qualifications. 

(f) Ol the number of teachers employed, dintinguinhinj; tlio 8ex ; the c<imptn- 
satitm alJowcd: the average age of teachcrj^, male and female separate ; ixmi ihe 
average amount of time" employed in daily teaching, making distinct heads 
of summer and winter schools. 

(g.) Of the brancket taught in the public schools, and the proportion of time 
devoted to each. 

fit. J Of the pn'paration nnd introduction i^i school books ; character of them 
ill early 8chool:r — improvcnK nit- in them ; expense of them, aud by whom borne ; 
and the number and vai iety of them, in the different branches, which are in 
use ill the diffcn^nt schools. 

V. Of normal schools, number, when or^nized, how supported, number of 
pnpils, temH and condition of admission ; what proportion of pupHs puzsoe 
teaching for a livelihood, and what proportion of th(^ succeed. 
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VI. Of sc/tool'//ou\'cs, their number, avt rage capacity, manner and means of 
bnilding, uud impioveiuentfl in retyped u> nitK, ventilation, heating, farnitare> 
out-housea, &;c., ^c. 

VII. Of tckoal libranth munborof lehook ■vppQed with ; how and by whom 
selected; iondg to pureb«««» and the amount and aooroe of the same ; nvmber 
and charaelcr of volomoi ; ooflti modo of dialabatiiigt pteBenring, and extent <^ 
circulation. 

Vlil. Of the religious element in public schools; if lesB than formerly^ 
why? To what extent necessary aud practicable? 

IX. Of populitr manmm tmd emt&m$ in ikt iehook ; habits of ^^^^"IgiT^g and 
acting; domestic wA social eluuracter, and qualifieations for eitSBenshipt as they 
ve influenced by our systems of public education. 

X. 0{ physical education, what time appropriated to it; what facilities and 
encouragements arc atibrded; what methods adopted^ as dnU« gyfl[UUiaiuia» or 
athletic gamce ; aud what part teachers take therein. 

XI. (j£ infant tcAooU. 
Xn. Of Sunday telkooli, 

^ Xni. Of colleges and other public literary fM^itefisM, so ftr AS thej affoid ' 
aid to, or receive aid from, the public schools. 

XIV. Of the comparative txpeme and value of pablic education at diffierent 
periodij ul' our hir^tory. 

XV. Of li/c€Ufns, mechanics' institutes, evening schools. Mid other metboda of 
adolt edneatioDt to make other means of edncation available, or to compensate 
fer the want or neglect of early advantages. 

XVI. Number of penom ^ 9chool age that are under imtruetivn, the pro- 
portion of thv. population that can both read and write ; the qualifications of 
the pupih-^, upon leaviiif^ .school, to eng'np^e in the active pursuits of life, with a , 
superior physical, moral, aud intellectual character. 

The materials being thus collected, would be arranged under the title of eaeb 
State, respectively, whatever is peculiar In its edncational history and statistics 
being placed under specific heads, and what is common to all under general 
hciids. 

For example, Maine might occupy the first chapter or section of the volume— 
and we should first refer to MaisMachuBetts for all matter preceding 1820, when 
it ceased to be a province. Then would come a succinct account of all legisla- 
tion on the subject, including an abstract of existing kiws; then the origin» 
amount, and mode of distributing any school fund. Next, a bird's-eye view of 
the actual condition of the schools, government, discipline, constraction of 
buildin<j;s, character of teachers, text-books, and the obvious fruits of the sys- 
tem. Wliatever peculiarity there may be in the climate, in the habits and 
pursuits of the people, or in the condition of society, alTcctiug favorably or 
stiierwise the interests of education, would find a place in this connexion. 

After completing the circle of States in this way, a condensed chronological* 
historical, and BtatiMical snrvej of the entire country would be in place, and 
Bneh princi^es or oondnsions as are established by the facts stated and illus- 
trated. 

It will be observed that the plan contemplates the history of each State 
eonmUte m iiself, and if prepared by aq individttal selected for the purpose, 
iBq^t bear the author's name, like contributions to « biographical dictionary or 
sn encrclopndia. Of course it would servo a valuable' loeal purpose, and if 

properly prepared, would secure a share of public patronage, while the whole 
volume would furnish highly inti-ve^ting and important information to the 
©ouutry at large aud to ibreign inquirers. 

When the outline thus sketched is well digested aud matured, my purpose 
would be to forward a schedule of the subjects to some qualified patriotic pemon 
in each State, requesting his cooperation* The gieat ftdvantsges of having thn 
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work doue by a rei^ideut of the Sr it( renpectively, are the acr.urucy, fidelity, 
and fulncaa wbicb would be secured, the lacilidea for obtainiiig materials, and 
tiie witlioritr whksli it would benr. These eontidentioni mignt iaduee one or 
I more anitable persons in each State to eneounter some personal inoonvanience* 
especially as tne service is one of vast and permanent importmieei snd can be 
better done now than at any fatoxe period. 



2%e X^rendent of fhc Chamler of Commerce of BorJenuT to the Secrttory 4^ 
the tymiUaonian ImtUution at Wasfimgton : 

Sir : I am not ignorant that the Institution of which yon are the Secretary* 

and which labnr? witli the iiio.-'t praifoworthy zfnl tn promote the proj^ijes? of 
the diflerent branclx s of human knnwh (l<;c. maintains rrlations* of cxehauge 
with the Imperial Academy of bciencca, iiellea Lettres, and Art« of Bordeaux. 

The Chamber of Commerce, anxious in its tnm to co-operate> as fiur as pos- 
sible* in the realization of the plans which you pnrsnet feels pleasure in trans- 
mitting to you a copy of its publications. They comprise a coUectioii of its* 
proceedinj^? t^incc 1S.'30. the fir^t volume of the catalofruo of it.s library. 8cc. It 
is hoped that these various publications will lind a plato in your collection?. 
The Chamber has, on ita own part, tounded a considerable library, which iji 
open to the public, and it would ne happy if the Smithsonian Institution should 
uink proper to send us some of the Tolnmes which it publishes, and which are 
lUled with documents of the greatest interest < >n America, and on different ques- 
tion?' of importance. Theh-e works would thus b»' at the (]is|)0f5.il of a consid- 
erabl(> number of studious persons, and they would contribute to make the 
Bervices of the Institution of which you are the organ appreciated in all their 
extent in Europe, lie pleased, sir, to accept the amurance of my most dis- 
tiugui.«hed consideration. 



Carte del Palasio, Milan, 

October 31, 1862. 

Sir : Through the kindness of your agent, Mr. Bossange* of Paris, wc have 
received the Annual Report of the Boanl of Ilegents, presented by the great 
and liberal Smithsonian Institution to the Carte del Palasio's Agricultural Aa- 

sociation, of which we fire diiectorf and rejrents. Reudin;]^ your v.iluable re- 
port, we have seen with the •^Teatost satisfaction \h \\ t!ie interesting and usofnl 
result-* of your labors have been approved and comiucuded by iuteiligeut mcu 
everywhere. Whilst expressing, honored sir, our warmest thanks for having 
been deemed worthy by your Institution to participate in the gifts which the 
lib( r dity of the Smithsonian Institution renaers to men devoted to science, it 
will be a ?onrce of plea'^ure to us to endeavor to reciprocate your kindness. 
To promote knowled;re and facilitate its j»ro;xrer's liy stimulating:^ men of science 
to undertake general and extensive researches, and to offer tin; means of con- 
tinuing them, is the most useful service which can be rendered to mankind. 
The very extensive means which your great Institution has at its command, 
the ardor with which your officers and regents began and continue theur difficult 
work, are infallible indications of the ^rca^st results which will be produced. 
And we do not doubt that the material and moral prn<Tre?s of individuals, with that 
of {science iu general, will fully realize the auticipatious of the founder, .ind 
amply recompense the continued labors of the diatiugui^ihed directors of the 
Smithsonian Inatitution. 
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As (liroctors of a new inytitntion. wliieli we liope will aL-o .«oon produce im- 
poriaul resului in iigriculture, we bliall be coutent if, iu reciprocatiug ^our 
kindness, we can also iu any way serve the laudable purposes of your Institu- 
tkMn by preflentin^ the Tesulta of our own labors and researches. 

Again expressing our thanks, we have the pleasure of trending some of the 
publications relating to our institution, with the hope that they will be placed 
in the Smithsonian library. They are the following: 1. I'rogramme of organi- 
zation ol the Carle del Palasio's Agricultural Association. 2. Annual lleports 
of the Association for 18«f9-'Gl. 3, Agricultural Annals, by Dr.^Gaetauo Can- 

tooi* professor of agronomy. 

• •••••••• 

Your most obedient serrantB, 

Rio ANTONIO RESCHIN, Din ftore. 
Ur. GAETANO CANTONI, Prijc^sar. 



Office Sup't U. S. Military Grneral Hospitals, 

Memphis, Tetmessce, Sepftmhcr 5, 1863. 

My Dkar 8ir : I am in receipt of your letter of the 25th ultimo, by which 
I learn the pleasing iuteliigeuce that the "great Tucson meteorite" is in u fair 
way of getting to Washington at last. I am sure you will feel proud of it when 
rwi see it. I knew the '* Carlton specimen" was not ours, as I bad sent it to 
Hermosilla before I left Arizona. That sent in by General G. is about 750 
pounds, while ours i.-^ about twice that weight. 

The only history 1 can pvp yon h a vague one, as there is no written record 
of its advent iu Tucson. The old inhabitants of that place all agree that it 
was brought there from the Santa Gat^irina mountains, which He to the north 
of Tucson, abont ^dway between the Rio San Pedro and that town. It was 
brought in by the military stationed at the old prexidiOt where it remained until 
after the withdrawal of the Spanish garriaon. It was then taken into town, 
set up on end, and ut?ed as a kind of public anvil for the use of the inhabit^ints. 
The smaller one was used in a blacksmith's forge for similar purpo.^es. In 
1857 I found the large one lying iu one of the by-streets half buried in the earth, 
having evidently been there a eonsiderable time. No person claimed it, so I 
publicly announced tliat I would take possession of it in behalf of tiie Smith* 
sonian, and forward it whenever an opportunity offered. Mr. Palal inc; Robinson, 
near wlio.se house the iron wa?, af^i.^ted me in ffottinj;^ it f^ont to Ifmno-^ina. 
There was some expense attcndiii;^' its hoi.-«liug into the truck-wagon ihat took 
it down to Sonora, which I paid to Mr. II. Mr. Ainsa agreed to take it, or 
have it taken, to Guajrmas, Sonora, for fifty dollars. 

The people of Tucson all agree tl h i shower of these meteorites fell in the 
Santa Catarina mountains some two iiundred yearn ago, and I have been told 
that there were plenty of them remaining in tijc mountJiins. I never wn-? in 
the immediate porLiuii of tlie mountain raugi; where they rt pui L the .ipceimeiis 
are to bo found, so I cannot vouch fur the correctness of their reports. As the 
country is volcanic almost entirely, I have often thought, from the fact that 
iron ore is abut^dant in sevei'al of these mountuns, that it migiit Iiave been that 
masses of iron mineral were reduced to the metallic state by voicuoic h»'at. See 
in the case of the famous "Plancha* do plata " silver mines, some one hundred 
miles south of the Santa Catarina, where large pieces of jsnro silver have been 
found reduced to the pure state by fire, which has left every liiing in its vicinity 
in a state of calcination. One piece weighing 1,500 pounds was found and cut 
in two to allow its removal to the city of Mexico by the Spanish authorities. 
I think yoa will find allusion to those interesting and once rich mines in Branti 
Mayer. 
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I believe 1 iiuve given you some data about the Tucson meteoriteA in a 
monogram published by tbe War DepartmMU in 1860; Medical Statiati«i of 

L'uited States Army, 1866-'60. 

X wish I could give yon full infonnation on this matter. Please let mc know 
when you rcr«'i\-«> it, and be assured that when I go to Washingtoa 1 will pay 

my reppects in person to you and it. 

1 am very busy, so you will excuse this hurried letter, and believe me 
Tours» very respectfully, 

B. J. D. IfiWINp 
iSafr^«0ii United iUaiet^ Jrmjf. 



San Francisco, Oal., July 2, 1863. 

Dear Sir : Tbe aerolite which had remained so long at Alamito, for want 
of a proper person to hrinj^: it here, was brought by one of my blotil<■r^l, Josns 
M. Ainf>a, who visited iSonora lately. Wo hare been induced to retain it here 
fur a bhui t liuic, lu satisfy the curiosity of the San Francisco people. The 
State Geological Society asked to be aUowed to haye a small piece for their 
collection, which request was, of coarse, granted. With this exception the 
aerolite has been preserved entirely in the same condition in which it was found 
in Ariznnn, and by the l.'Illi of this month we will bavc the pleasure to ship it 
to I^ew York, uuder thr can* ot tlie Pacific Mail Steamsliip (Jouipany. 

1 take thin opportunity to oOV-r my services to the institution. 
1 remain, respectfully, 

SANTIAGO AINSA. 

Professor Henry, 

iimUhstmian LutituiioHi Wathitigtom, D, C* 



San FRANcisci), Cal., 2G. 1863. 

Dbar Sin : I liavr- tho p1p.i?nro to acknowledge your favor of July 31. nnd 
I take pleasure in complying with your request. In fact I intended to do this 
before, but, owing to many engagements on hiind, I have been postponing it to 
this moment. 

I annonnced in ray la.«>t that the meteorite would be sent by the following 
steamer from tbat date ; but we were asked to retain it some time longer hf 

some sci' ntif'u- men. who wi-bed to examine it cloaely. 

Thr hi.-lury of this aerolite wo have from our grnndiuother. Dona -\n.t Anza 
de Ipla.^t. daughter of Don Juan Bauii.sta Anza, our gmit grandfather. The 
Jesuit missionaries had the earliest knowledge of this curiosity. There were 
Tarions theones entertained about it ; but it was generally believed to proceed 
from some iron mine in the vicinity, which belief holds to this day in Sonora. 
In an ex|M dition made by l>on .Tuau llmtista Anza. then "Gran Cnpitan de 
las Pj iiviiicias del Ofci.li ute," about tlic year 17.'?.'>. to the country abrtnt 
Tne.«*on, Ik- wa.s induciHi to visit the aendiJe, and he undertook tlie work of 
transporting it to Spain. The place where it was found is called "Sierra dc 
la Madera," on a «pot called Los Mnchadios. Throngb tbe want of proper 
means and the bad state of the roads, (having to cany it to San Bias, then the 
nearest port of entry,) the work of transportation was given up, and they were 
fati-ficd to t iko it n? fnr 'I'ik -^oh. There it remained ever since, until rav 
brother, Agu.-'tint; Aiu.-^a, undertook to transport it, in 18G0. and pn"*ont it to the 
Institute. Ilis intentions, however, were never carrieti out until May last. 
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when .mother of ray broUiera, Jeans M. Ainsftf visited Sonora and brought it 

with him on km returu. 

By the tim** of the receipt of this the aerolite must be already iu Writ^hiiiglou, 
as we delivered it to the agcut of the Iiibtitutc about a mouth ago, to have it 
trandported to 7011. Your agent Bpoke to ns about expenses ; but we wish not 
to deprive ourselves of tbe honor of having presented it to the Institute, and 
as such we desire that you should accept it. 

T would he tli.iiikfiil if you would Hend me a copy of the analy^^lH, and of ntlirr 
iuform.'it-on about thu iierolite ; and if yon find h not too troubkisuun-, to nd 
the same* with uy complimeuUi, to St. Johu'b Cullcge, Fordham, New York, 
where I was educated. 

I have tbe honor to remain* vonr obedient servant, 

SAKTIA60 AINSA. 

JosBPri Hfa'rv, Esq., 

Smit/utmioA JMStUulioUf Waskingian, D, G, 

[This meteorite is now in tbe museum, and is an object of special interest to 
visitors.] 



Little Olacb Bay, Oapb Brbton, Nova Scon a, 

October 25, 1863. 

My Dear Sir: I send you a gpecimeu of "cone-in-cone," which I have 
lately obtained in slinking a shaft at t\m place upon the Harbor Vein seam of 
coal dcrtcribed in Profe^^or LrHley'a report of this coal-lield last year. 

It wu:« found in the baud thai corrc.<jpoudd to the black bituminous shales 
below tbe one inch of oannel coal, and 23 feet above the Harbor series of five 
feet of coal. 

It was only obtained on the northwet<t side of tlit* shaft, thinning out to the 
Bouth and cast, or townrd?* the "crop.*' The greatest thickncps of the btni was 
about 7 inchoj'. The largest "cone-in-rone " wan 5A inclir-* !?i <1inm*'ter. 

The journal of the strata sunk through diilers somewhat Irum i iofessor 



Lesley's taken at the shore. - 

fL In. 

At the shafi drift and gravel 10.0 

Blue ^^hales, with cycias shells, fish teeth, and other remains 3.0 

Cone-iu-cone •• .5 

Browu band, witii coprolites .3 

Blue arenaceous shales 1*0 

Uard white sandstone 2.0 

Thin bands of shales " fucoids" 3.2 

Hard .^and.-^tone ...••••....^ .4 

J^iue arenaceous shales 2.6 

Sandstone, black mark, like the fruit '* cardeocarpou " 1.04 

Sandy shales • 11 

Hard blue shales 3.10 

Blacker band 4 

Firc-claj and uronstone balls 7-6 

Coal 5.5 



41.11 



I cannot find in any work that I possess anything exactly like them, so 
think they may be of interest to add to your museum. 
Tbe points of tbe cones are downwards. 
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T sliall be glad to hear from you about them after they have been examined. 
I have 6CQt a spocimcu to Dr. Dawson, Montreal, but tear the ^e^on is too 
late fbr him to get it this year. 

I remain, my dear 8ir» your obedient eerrant, 

H£N&Y POOLE. 

Joseph TIfxhy. 

Secretary iSmiUisonian InsiUution, Washington, 

The above relates to a very intereettng specimen of a remarkable concretion 
of a clayey material, which occurs in thin slabs, entirely formed of cones, the 
axes of which arc all at ri<;ht uugles to the parallel snifoces of the slabs. The 
only explanation which occars to us of the mode of formation of this stmetnre 
is that of percolation of water charged with earthy material through a porous 
rock, and filling a horizontal crevice with parallel sides, with a series of stalac- 
tites and stala^ites. J. H. 



HuNCTABUN National Kusbum, 

Pm<A, October 15, 1863. 

Sir : In reply to your esteemed letter of the 29th of May, I have the honor 

to inform you that the birds sent us through Dr. Flugel have been duly re- 
ceived, and I beg leave to return the heartfelt thanks of our institution for the 
Rame. Full aeknowlrtl^rraenf^ have als<< been made in our reports, and in the 
newspapers, of our ol)li«:ati<>iis lo the bmithaonittu Insititution, which stands so 
high in public opiuiou everywhere. 

AUGUST V. KUBINTI, Director. 

JOSBPH Hbnrv, Esq., 

Secretary SmitMonian Inttitutum, WMingtom. 



Christiana, Norway, Novemher 4, 18G3. 

8iu : llaviug been appointed director of the Ethnological Muircum at the 
University of (jhristiana, I have perused a letter of the 6th Uay, 1862, from 
the secretary of the SmidiBonian Institution to the secretary of this university. 

As this h'ttf r alludes to the endeavors of your excellent Institution for the 
collection of ethnological objects fn in North America, and the utility of ostab- 
lishini: a syHtfiu of exchange lor European curiosities, 1 have made use of the 
oppori unity to otiVr you what we have in this line. 

The aboriginal population of this country are the Laps or Laplanders, living 
at present on the mountains and sea«coasts farthest north of Norway, Sweden, 
and Russia. Their language proves them undoubtedly to be oftlir ^fongblian 
stock in Asia, and, as such, related to tlie I'ed man of America. The Laps are 
a remarkaM'' ir^stancr of thi:' race, as they are ronvert»'d to Christianity and 
have adojitt 1 li: • haltits and industry of civilization, UKxliliid by the severity 
<jf the arclic ciiuiate in their country and their peculiar mode of subsistence as 
nomads with flocks of reindeer. Wo have nrocured a set of models made by 
the individuals of the people themselves, and illnstrative of their present mode 
of existence. 

In offering this pmall colli ction for your acceptance, we hope that it may 
ttervo a scientitie jitu j)o.-c iu ( (-lujiatinj:^ the red man with Inn yellow brother in 
the old continent. If it should be in your power to afford us some currespond- 
ing objects irom your field of reecarch, that is so immeneely more extensive, a 
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very £rro:it (ksidcr.ittini iu our coUecUoa would be supplied that would engage 
our most Lumetil utteDtion. 
The articles in question are— 

I. Three castn, in plaster, taken from living individuals, vis : 1, an onmixed 
Lap, 30 years old ; 2, a man whose father was a Fin from RnaMnu Finland, 
and wlioiic motli(>r was a Lap, 42 years old ; 3, a man whose gxandmother waa 
ft Swede, (of the Tcntonic Htock,) otherwise. Lap, 43 years. 

II. Four photographie jiortraits: 1, mixture of Lap and Fin, 28 years; 2, 
74 years ; 3, 2S years; 4, 36 years — pure Laps. 

III. A reindeer, harnessed with its sledge. The sledge is eanoe-shaped, to 
as to be able to move upon the deepest and softest snow without goinedown into it. 

IV. A pair of snow-shoes, being very long pieces of thin wood, with which 
the Lap can walk upon ?oh bdow. They have Straps or Stirmps to pat the 
feet into. The man moves on with the stafl". 

V. A pair of pack-saddles, with which they move their luggage in summer 
on the bacli of the reindeers ; included is a model of a wooden tub and a cask ; 
two flat pieces of wood to lay aeross the hack of the reindeer are attached. 

VI. A trunk, in which is included the wooden bowl for preserving the rein- 
deer milk, and the prc?s for making cheese out of it. 

VII. A spade fur n'in(ivii)<^ the snow. 

VIII. Two lurgti wooden bowls. 

IX. A tent; iu the middle the fireplace and two pots bonding over it; 
behind is a scaiBbldiDg of wood for their stores, raised upon poles, so that it 
may not be attacked by dogs. 

Confiding in your interest for the advancement of science, I remain, "wuy 
respectiully, your obedient servant, 

LOUIS K£ DAA. 

Joseph Ue.nry, Esq., 

Secretary SfnUAwman LutUiUum, WathingUm. 

[These articles are now in the museum.] 



KAiSBKLicuB-KdNitiLiCHB Gbolooischb Rbfchs-Anstalt, 

Vienna, Dccemhcr 11, 1863. 

Sir : I have the honor to transmit to you for the Smithsonian Institution a 
scries of tertiary fossils from the Vienna basin, via : 

From thr ("oiiireria b<'drt 6 species. 

From the Cerithinm beds 10 species. 

From the Marine beds 270 speeiea. 

Total 28G species. 

In the box prepared to be sent yon will find, 1, the present letter ; 2, a sys- 

temntic catalogne, with tabular reference to the localities; .i c it.iloiriie in 
which the localities are kopt Frjj.iratc ; 4, a p^nidc of geographical nd'erciKO for 
the localities. The number of Hpecimens or lots iu catalogue 3 is 622. Beside 
ibese there are a number imperfectly determined or not belonging to Austrian 
localities* The rest will give a pretty fair idea of the leading or type moUnaea 
of our Vienna basin. The series here offered has been coniposea or selected 
under the auspices of Dr. Hiirnes, director of the Imperial Mufonm of Miner- 
alogy, and he plac(?d it at the disposal of our Imperial Geological Institute, 80 
that I beg you will consider it n» a joint offer from both establishments. 
I have the honor to be, dwu- sir, ever mo^t truly yours, 

W. HAIDINGBR. -f 
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BiM ri>H Museum, JJtccfn/n r 30, 18G3. 

Dbar Sir ; T liav« to ackuowledge the receipt of your letter of th'iA day's 
date, and to acq^uumt you that the trustees have acceded to the request made 
hj Professor Henry, on behalf of the Smithsonian Institution, and toat I have 
instrocted Xh. Gray to give you every facility with a view to such electrotype 

impressions being miido for that Inntitution as an; required from our wood 

engravinf^f illustmtivc of tlu^ concholog'y of the North America?! coutinent. I 
shall be iiiipjiy to yon, niid to f^ive you any assistance in my power when 
ever it may be couveuieiii for you tu call at the museum, as you propose. 
Believe me, dear sir, yours truly, 

A. PANI2ZI. 

Dr. P. P. Oaspbhtbh. 



31 Pfbidkmarkbt, Uamburg, 

t^hmary 4, 1864. 

Drak 8ib : I dnly received jronr very kind letter of the 6th of January, in- 
fonning me that the director of the Smithsonian Institutiou would have the 
iLindneHS to send me five of the American porennibranchiates for in vea ligation. 
A few day-' afti rwanl-^ tlx- box was delive^ into my hands, oontainin|^ 

1. Mcnopoma AUeghaniense. 

2. Munubruochus lateralis. 

3. Siren lacertina. 

4. Amphinma tridactylnm. 
0. Siredon pisciformii^. 

A11 tliopo amphibia bcin;:: of tho p-oatest importance for my studies, I cannot 
bui ' \|)r<;»s to you niy most tiincere thanks lor this most valualilo a^sistauce. 
You wiii allow melojmy to yourrenowued Institution, in the mean time,mv thanks 
for the reports aud other valuable works, particularly on the Zoology and Anatomy 
of Amphibia, pnhlished at Washinf^on, and directed to mo some years ago. 

I should feel most happy if you would give me a direction how I might pay 
my thanks in a morr material manner. You will, therefore, oblige mo very 
much by informing me of the dcsidoratn in your collections. Perhaps there 
might be pomo European fif=hef> or amphibia winch I might be able to procure for 
you. Of tea snakes, which family of bnakes 1 have described some yeai^s ago, 
there ore also some few species in my own poBsesnon. In minerals I am pretty 
rich, having the host private collection of this branch that exists in our placeu 

It is only on the supposition that I might be able to furni$«li to the Smilhso- 
nian Tii>t!tution some equivalent that I take tlif great, and, perhap-. immrMlc>t 
liberty to mention, tli il one cijneu more of the genera umiiliiuma, .-in n. and 
mcnopoma, would be of the greatest importance for my studies. It would be 
Tery difficult to decide all the anatomical questions concerning the named 
amphibia after the investigation of only one specimen. Having the intention to 
describe in a comparative manner the bones, muscles, and nerves of the famous 
Salamandra Japonica, wifli relation to tho other jronern of Ichthyodea, I feel 
myself in a hiprh degree ailvancrd )iy the speciinms which 1 owe to your kind- 
ness, and would be induced t4) hope tlmt my little work might not remain i]uite 
imperfect, if there would be any chance to acquire still one specimen more of 
the above-mentioned three genera. 

Finally, you will atlow me to say that I am not now in any connexion with 
the Hamburg Museum, as the address of your letter said, but that, though 
bein^ on very frienclly relations with the directors of our collections, I have 
Ifiveu up my pl;icf anion^ tin in. 

With the highest regards, 1 am youre, very respectfully, 

Dr. J. a. FISCHER. 

[The specimen requested was sent to Dr. Fischer.] 
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Vienna, February 9, 1864. 

My Dkar ^>iR : Permit me to enclose here an invitatiou tg join in a eubecri])- 
Uon for a gold honorarr medal to be presented to our most worth v Professor Oh. 
iV. Ph. von Martins* of Munich, on hu fiftieth anniversary of meaical doetorahip 
on the 30th of March, 1864. 

Oar most honored friends on the other side of the Atlantic should not fail in 
the list ; only I am forry that by various impedimentts I waf prevonted from 
writinn: at an earlier period, it is now so late that only by very pood luek it 
will be possible that an answer may arrive previously to the 15th oi Mareh, to 
be enterod in the first liet which most be printed* embellished, and then bound 
np, and sent to Mnnich from Vienna before the 30th of Mardi. Whatever is 
hronght to notice later than the 30th will be appended, and what comes to hand 
after the 30th up to the end of Juno will be given in the first complementary 
report to be pnbli-he<l on the Ist of July. Nothing will be lost* as even what 
comes ai^ter that period will be published afterwards. 

Every subscriber, -of course, will have a bronze copy of the medal, and the 
votary tablet sent to him. Snbecriptions should be three florins Austrian silver 
money, or more, which is about one and a half dollar American silver. 

By this time you may already have received our last box with tertiary fossil 
typef of several localities of the Vienna basin, being a joint parcel firom the 
IiDjM-rial Mineralog-ical Cabinet and our own Geological Institution. 

i um iiappy to hear you have now the Aiusa Tucson meteoric iron. I bhail 
send some of these days a paper of mine on the Garleton Tncson, which ap- 
peared in the Vienna Academy Proteedings. I enclose impression from the 
surface, cut, polished, and etdhed, and galvanographed positively and negative ly. 
We shall l)e happy, as soon yon may fix on cuttiti^' r^ome pIIcos off the hloek, 
to rereive a bit from you for our imperial Miiieralogical Museum of .the Ainsa 
Tucson too. 

With all the most cordial wishes* ever most Iraly vours, 

W. HAlDINGEft. 

Professor Joseph Hen by, 

Seerekuy to the Spnthtonian Lutitutioih Wathwigtm, 



Office Hudson's Bav CtuMPANV, 

Montreal, February 26, 1864. 

My Drar Sir : Abc*ence from home and subsequent indi.sposition have pre- 
vented my acknowledging receipt of your letter of lOth ultimo at an earlier dite. 

The settlement jou have made of Mr. Kennicott's account is ^uite satisfac- 
torj* There was a small deficiency in consequence of a change m the rate of 
exchange when your draft reached me ) but that matter can be arranged when 
we receive Mr. Mactavish's final statement of Mr. Kirk by 's account. 

The kind expressions of thanks contained in your letter are very gratifyin<^. 
We havt^ always felt pleasure in promoting scientific research ; but, in Mr. 
Kennicott's case, this was enhanced oy his amiable character and pmdence. It 
is no easy part to play, going as a stranger into a territory inhabited by men 
bound to a foreign government, and with exclusive views on many points. But 
Mr. Kennicott knew how to meet the circumstances ; and from lii? arrival among 
ur* until his departure was always popular, and I believe inspired a sincere 
friendship and esteem among those with whom he most associated. If in 
Wiishington, pray offer him my kind regards. 

Hoping some day to have the honor and pleasore of fbrming yotur personal 
aeqmuntance, believe me, sir, veiy tnily yonrs, 

EDW. M. HOPKINS. 

Joseph Hpnrv, Esq., 

SmitiuQnian Institution^ Wathingtont 0, 
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The object of tltis appendix is to illastrate the operations of the Institution 
by reports of lectures and extracts num correspondence, as well as to famish 
infoimatioQ of a character raited eepeeiaUj to the meteorological obeervors and 
9ther peraona mtiveated in the promotion of knowledge* 
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BRIEF ABSTRACT 

or A MOOKs or tn ticrom on 

THE PiilUCIPLES OF LIKGUISTIC SCIENCE, 

miTIKEB AT 

THE fiMITHSONIAS IKSTITUXION IN MABCH, 1804. 



BY WIL lAM D. WftmrEY, nOPBHOB OF SANSKRIT IH TALB OIHXEOE, NEW IIATEN. 



Till: f ciVniific study of language is of modem date. Only its scanty and im- 
perfect germs aro to be found in ancient times. It lacked tliat wide and com- 
prehensive bnsif* of observed and collected fact.s on Avhich alone such a scieuce 
can be founded. The active and aearching curioaity of the past century, with 
the fiicilities for investigation given by trade, trayel, and philAnthjrotiie eSott, 
could not bnt call it into being. No single circumstanee has so powerfiiUy aidedl 
its development as the introduction of Sanskrit to the knowledge of Europe. 
This, the rao^t nncient find primitive of Indo-Kurnpcan tonp^ue?, laid the sore 
foundation ot the comparative philolop-y of the Indo-Europeau familji out of 
which ItHi^ grown the general science of language. 

The oiijects of this science an twofold : To discoyer the nature and histoir 
of language itself, and to elicit information respecting human history. Bom 
are invented with a very high degree of importance. Tlie value of language 
to man, and the abnorbing interest of inquiry into its cliaracter, arc palpable, 
and attested by the lab(»r.s and t^peculations of generations of Hcholarj* and 
thmkers. It has also quite reccudy been found that language is the principal 
means of ethnological fDvestigatipUf of tracing out the deeds and fates of men 
during the prehistoric ages. Not onlj does it determine the fact and the de- 
gree of relationship among nations, but it gives information which can be ob- 
tained in no otlier way reppecting their moral and inttilcctual character, and the 
erowth of their civilization. Linguiiitic .science, as u branch of the study of 
human hiatory, embraces the whole race at cveir period of its history. All 
spoken or recorded speech Is its material. The dialects of the lowliest as well 
as the most highly endowed races are its care. It would fain hold up and stndv 
every single fact in the light of every other related fy/d, since only Urns can aU 
be fully nnden^tood. 

To survey in detail, in these lecturer, the whole field of linguistic science will 
be, of course, impracticable. Wtj can only attempt to lay down and illustrate 
its Ihndamental principles, to gain some insight into its methods, to determine 
the nature and force of linguistic evidence, to see how this is elicited from the 
material containing it, to note its bearing on historical and ethnological study, 
and to review briefly the principal results hitherto obtained by \i6 means 
The method followed will be the anolytici establishing principles £rom facta 
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within every one's apprebenBton, and proceedisgfrom that wbich if wdl known 
or obvious, to that which is more obscure. lIlustnationB will be soDgbt* mainly 
from among the phenomoTia of our own familiar epcech, eince every living and 
growinsr Ifincnmprc lias that within itself wbich exemplifies the fact^ and princi- 
ples ot universal application in ail languago. We ahall altsu a\ old, as much as 
possible, the use of figurative, philosophical, and technical phraseology, and 
talk the language of plain fact. 

Our preluninary inquiry may properly be, Why do we, ourselves, speak l^ng* 
liflh? Though a simple question, its correct answer will clear our way of 
TTinny difficulties. Tlie p^onoral reply i? obvious: We learned Knfrli^h frnm 
those ainoii;:; whom our earlietit years wore nasscd. We did not produi «- the 
words we use by an internal impulse, by the reliectiou ot phenomena iu our 
consciousness, and the like. As soon as we were able to associate an idea, 
and its uttered sign, we were taught to stammer the names of the most £uniliar 
olject8,and our instruction advanced with our capacities ; our notions and con- 
ceptions were brought into shapes agreeing with those they took in the minds 
abont ns. and were called by the names to which tlie-e were accTistomed. Cer- 
tain liquidf* which we ©aw, colorless and wliilt% had not [o he studied and com- 
pared by us iu order to the invention of a title lor ihem. We were informed 
that they were ** water " and '* mOk.*' The one of them, in certain modes of oceur- 
rence, we were made to know as " puddle" and ** riv e i " The words ei'jf , Mirike, 
bite, eatt drink, love, hate, and so on, were taught us by being applied to acts 
and states which we made experience. Long before any mental analysis of 
our own w<»uld luive given us the distinct ideas of ^r«e and faUv, they wen- im- 
pressed upon our minds by iidmoniiiou, or something stronger. i ap- 
pellations of hosts of objects, places, beings, which we had not seen, and per- 
haps have not yet seen, were fixed in our minds, with the means of attaching 
some distinctive idea to them. The amount and kind of this training varied 
greatly in different capes, but we all had it, and by it alone could learn to talk 
as we do. Language was the first stej) in our education. It came by educa- 
tion, and not by iuherilauce. Knglish blood would never have given us Eng- 
lish speech. We could just as easily have learned to say waster or eau as 
** water," milch or hnt as *' milk," lieben or aimer as ** lore," &e. An Ameriean 
child is brought up by a French nurse in order that it may speak French first, 
ancT it docs so. The infant cast on shore alive from a wreck learns the tongue 
of its foster-parents, and no outbreak of natural speech ever betrays whence it 
derived its l)irth. The imported African fnr;^ets. in a generation, his Congo or 
Mcudi, and is able to use only a diah ct oi his master's speech. 

It is already clear, then, that English people do not, as some have paradozi' 
cally maintained, speak English by inherent natural dft, because they aie 
English, just as all swallows twitter, all bears growl, all lions roar, and so on. 
The special forms of spoken language are matters of imitation. They are kept 
up by usage, and transmitted by oral tradition. 

We thus learn, not English simply, but the particular kind of English which 
is spoken by our instructors. A few, perhaps, get nothing from the outset but 
the purest style of the language; but hardly any can escape some tinge of local 
dialect, of the slang of caste or calling, even of individual peculiarities of our 
teachers, inelejrancios of pronunciation, pet phrases, colloquiali?ms and vtd- 
garismf, and the like. (.)ften < rrors and infi licities thus acquired iu early life 
are ineradicable by all the caic (»f after years. 

Again, this process does not give us universal command of the resources of 
the kngnage. A child's vocabulary is very scanty, and goes on increasing to 
the end of life. The encyclopedic English tongue, as we may call it, contains 
over one hundred thousand words. Of these, the most uninstructed classc s ac- 
quire only three to five thousand, a frugal stock of the most iiidi^^iM nsable words 
und phrases. To such a nucleus every artisan, iu every walk of labor, most 
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ndd his own technical language, containing much which most English speakers 
know nothing of. No pmall portion of the one hundred thousand words is made 
up of such special vocabularies. The generally educated man learns much of 
many of them, but no one learns them all. Every one may find, on every page 
of our g^reat dictionaries, words which he knows not how to deal with.. There 
are various styles of expression for the pamo thing which are not at every one's 
command. Even the meanings attributed to the same words by different speakers 
are different. The voluptuary, the passionate, the philosophic, and the senti- 
mental, for example, mean very different things by " love" and " hate." It ifl 
no paradox to maintain that, while we all speak English, no two among us speak 
precisely ihe same Janguagc, the same in extent, form, or meaning. 

What, then, is the English language ? It is the aggregate of the articulated 
signs for thought current among the English people; or, it is their average, that 
art which is supported by the usage of the majority— a majority counting not 
y numbers only, but by culture. It includes varieties of every kind ; but it 
has unity, from the fact that all who speak it may, to a considerable extent, and 
on matters of the most general interest,* talk so as to understand one another. 
It is kept in existence by uninterrupted tradition, in which each individual takes 
a part, handing down his portion of it, with his limit^itions and peculiarities — 
books, a kind of undying individual, greatly assisting in the process. But all 
traditional transmission is inherently and necessarily defective, and that of 
language forms no exception. If English were a certain fixed body of words, 
learned complete by every one, and kept intact, it might more easily be preserved 
from alteration. As the case stands, it docs not remain the same from genera- 
tion to generation. 

Ita most noticeable mode of alteration is that which is ever going on in its vo- 
cabulary, especially its technical vocabularies. New processes and products, 
new views and opinions, new knowledge of every kind, must find their fit ex- 
pression. No well-informed man can write a chapter now upon what every one 
is thinking and talking of which woyld be intelligible to the well-informed man 
of a century ago. There are also changes affecting rather the form than the 
content of language, of slow progress, and in their inception, in great part, inac- 
curacies of speech, opposed by the conservative forces, yet as inevitable in the 
end as the otners. They show the influence of the great numerical majority 
who do not speak with correctness, but whose errors finally become the norm 
of the language. Thus, we had formerly a special preterit form spake, and good 
speakers would as soon have siiid " he come and done it" as ** he spoke to me." 
Now only sjxtke is in common use. Three centuries ago we had only his as 
possessive of both he and //, but popular usage struck out a new possessive, 
its, for the latter. You we employ not only Jis object, according to its ancient 
usage, but as subject, instead of ye, &c., &c. The influences which brought 
about such changes are still to be seen in full opj-ration about us, especially 
among children and uninstructed persons, to whom the communication of the 
language is imperfectly or incorrectly made. A child substitutes an easy for 
a hard sound in pronouncing, drops out a syllable or two from a half-under- 
stood word, says " I bringed " or " I brang" for / brought, says •* mans " and 
"mouses," says "gooder" and "goodest," and the like. Its own and others* 
•care corrects these errors; but if the carC- be wanting, the error remains ; and 
there are ever in existence, among the lower strata of language-users, hosts of 
these deviations from correct usage, always threatening, and sometimes suc- 
ceeding in making their way to the surface, and securing recognition and gen- 
eral adoption. The conservative forces arrayed against them, aided by school 
instruction and reading, are now so powerful among us that the language 
changes but very slowly in this way, yet the examples given are truly typical, 
and illustrate a force always in action. That, in these and other methods, lan- 
guage actually undergoes notable change is palpably ti:uo, Go back only to 
7 ■ 
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our Bible tranelatiou, to Sbakspcarc, and much isfotmd which is no hmger good 
English. Go back five hundred yean, to Ohaaeert and onr own tongue is only 
partially intel I igi ble to na. Another five hundred yean earriea na to the Anglo* 
Saxon of King Alfred, a totally strnugc form of speech, as much so as the 
moflrrn German; and y< t rath one of the tliirty or forty ircner'itionfs liotwecn 
us aud Alfrpfl was as t^iugly iuieut on traii^miiUDgto itsgucc€s&or thelaoguago 
it received from its predecessor as is our own. 

Theae &eta and conditions are of nnlrenal occnrrence in lingniatjc history. 
All langpoage ia handed down in the manner deacribed, and is enlgect to the 
asme disturbinn^ forces. The prooesa of transmission always has been, and al- 
ways will Ijt', impcrtVct. No tongue remain? tho ^nnif flurin^r a long period oi 
timo. "^riiis 16 the iuudamentai fact on which re^ts iha whole method of lin- 
gnistic investigation. 

We aee now what ia meant when language is spoken of as having an inde- 
pendent exiatenee, as being organic, or an organism, aa growing or dereloping, 
and ao on. These arc only figurative modes of speech. Language has no ex* 
istonce, pave in thv mind^ and moutlis of those who employ it. It is an aprjre* 
^ato ot of tlioiifrht, deriving th«;ir significance from the intclli«rent agree- 

ment of speakers and hearers. It is in thchr power, and subject to their will. 
Aa they maintain it in eziatence, so their consenting action modifiea and alters 
it It cannot be changed haatily or capriciously, bccanae it dependa npon gen- 
ial eonaent, which can be won only for sucli modifieations and extensions aa 
are in accordance with it? already e^ftablishod rulrs. Individuals are conptantly 
tryin^:^ oxporimentH of altoratiou upon it, witii childish errors of expression, with 
bad grammar, with tlang, with aruiicial luruH of phrase, and arbitrarily coined 
words. Bot these are, for the most part, only luughed at aa blunders, or put 
down aa mannerisma and vnlgarisms. Individnal authority, except in apeclal 
caaea, ia too weak to force it^?elf upon public opinion. The speakers of lan- 
{rnngr ronpfifute n, republic, in which anthority i- conforred only by universal 
gufiVn^re, and for due cause. Tli^h political rank does not pre power over 
speech. The grammatical biundei-s of an emperor do not become the rule to 
his subjects. But individuals arc allowed to intioduce novelties and changes 
into the general >epeech ; thna, for instance, to name their own inventiona or 
disooTeriea,1f they do it ^acrcotly and suitably ; and great maaten of the art of 
speech, poets, orators, are permitted to tonch cvon the more intimate and sacred 
parts of lan,2iiap:e. Is it called for ? is it in accordance with the usages and 
analogies of ihe language I is it offered or t^upported by good authoritr? — 
such are the considerations b^ which, in any given case, general coui*ent is 
won or repelled, and this decides whether the proposed change sh^ be re> 
jected, or shall become part and parcel of the universal speech. 

As, then, an organic being grows by the gradual accretion of homogeneoua 
organic raattr r, ns its exiftincr parts and procrsses form the new addition, in order 
to lielp the life and functional action of the beinL', so lan<»Tiage extends by the 
addition of material accordant with its substance, evolved by its formative 
methods, and intended to secure the eud of its existenee, the expieaaion of the 
thonghta of those who speak and write it. It thua preaenta atriking and in- 
structive analogies with organic life ; but to call it an oi^anism outright, as some 
do, and to claim tliat its crowth is indepondcnt of human agency, and that itS 
study IS, therel'ore, to be rankr>(l among the physical scifuces, is palpably and 
seriously to misinterpret it. Langtiage is an Institution, constantly undergoing, 
at the bands of those who use it, adaptatloa to their varying cirenmatances and 
needs. Between all determining causes and their results in ita derelopment 
stands, as middle term, the human mind, seeking and choosinp^ expression for 
human thonp^ht. Its rvt^ry part is a li''*or!ral pr^dnct. It? st\id v i historical 
acien^ a branch of the study of the human race, and of htunan institutiona. 
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As every cooetitucut item of language i;^ tlio product of a series of changes, 
working themselTes out in history, the mothod of lingiuBtic inTestigation must 
be histoiitiaL To understand the Btincturo and character of speedif and to 
penetrate to its ongin, we must follow backward the modifying processes to 

which it has been subjected, endeavoring to uudcrstand tlio influences which have 
product^ and governed them. This can be done to i»ut small extent by means 
of contemporary records. Wc must call to our aid the art of ctymologica] 
analysis. On etymology, the tradng oat of the history of individnal words, is 
firanded the whole science 4>f language. To illustrate the methods of etymolo- 
gising, and to bring to light some of its results* hy simple and ehaneteristie 
examples, is the object of tliis second lecture. 

Let us look i\r:<t at evidence showinii; the composite nature of words. We 
are all the time putting together two woida to form 4 compound ; a»,Jear- 
impirmg, god-like^ house-top, and so on. But the extent to which language is 
the result of snch eomposition is apparent only on deeper study. FearfiU is 
as dear a compound, on reflection, as Jharnmpiring ; yet JiU is, to onr appre- 
hension, a kind of suffix, forming a large class of arl jectivcs from nouns, like 
the ^^nflix ouSt (in peril-oi/.f, riot-ovs, &c. ;) and itd independent ori^rin and 
meanmjj; are but dimly pn rfeut to the mind (»f one who a^Jes tiie adjc'Ctivc!^. 
Fearit»$ and its like are not less evident compound?? ; but the less here is not 
onr word /e«#, bat the altered form of an older word, meaning "loose, free/' 
Again : ly^ in godly, irotherly* &o., is of yet obscurer origin, and we deem it 
merely .1 HuiHx ; but a study of the other forms of our language, or a compari- 
son of kindred GermJinic dialects now spoken, $«hows it to be descended from 
the adjective like, which has been u?ed in all the languages of our family as 
an adjective-forming suffix ; we iiioue have givcu it the further and now re- 
motely derived office of adverbial suffix, employable at will to convert any 
a^j^ctive into an adverh. The d of such words as liooedt I haUi, is proved 
1^ the form it wears in the oldest Gernmnic tongues to be a relic of the psst 
tense did : I loved is originally 1 love did. Sueh and which were once so-like 
and who-likcy and go on. The same is the case in the Latin part of our lan- 
guage, and even in iL« oldcbt and most easential constituentB. The hie or pU 
iii double, triple, and so on, is the root plic, meaning "bend, fold;" trtple'vA 
the precise etymological equivalent of tkriejhid* The two letters of am, which 
Stiwmn as simple a word as aught can be, are relics of two elements : one, the 
loot as, meaning **be;" the other, the pronoan mi, meaning "me, I;" am 
stands for as-mi, "be-T." The third pf^rson, is, has lost the whole of a second 
element, //. which it uucc possesBcd, and of wjnch at lea.-^t the t is 1* t[ iii nearly 
all the kmdrcd languages ; compare German isl, Latin est, Gret^ csU, Sanscrit 

With £bw exceptions, all the words of onr language admit of such analysis, 

which discovers in them at least two elements : one radical, containing the 
fundamental idea; the other formal, indicating its restriction, application, or 
relation. This is, in fact, the normal constitution of a word ; it contains a root 
and a suffix or predx, or both, or more than one of both. Thui», mapplicahUi- 
li€s contains two prefixes and three suffixes, all clustered about the root plict 
** bead ;" and it is, as it were, the fhsion and integration of the phrase ** name* 
ions cmiditions of not being able to bend or fit to something." 

Our examples show that word-analysis is, at least in part, only the retracing 
of a previous pynthe.si^^. We are .as sure of the actuality of the procees of com- 
bination by which ihctjc. words were formed as if it had all fj^one on under our 
owu eyes. There would have been no guch &uliix':;ti as Jul, less, ly, &:c., if 
there bad not been before in the language the independent words fiiiXl, looitt 
Kktf No small part of the formative elements of our language can thus 
be proved daceoded from independent words ; if a considerable jart do not 
admit like proof, we are not anthoriaed to suppose that their histojy is different 
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from that of the others, but ojily that we have not at command the evidence 

which would explain it. 

The same exumpies show not less clearly thut alteration, corruption, and 
mntflatiott of the prodnetB of combination is a rale of ;tbe liib of language. 

he Teaaon of this corroption lies m great measoie in the fhct that, having 

once struck out a compoand» we arc not Bolicitoae to keep np the memory of 
itf» descent. We accept the word coinf'd n«< a conventional sign for the idea 
which it conveys, and give onv nttention mainly to that. Hence ease and con- 
venience in the use of thu word arc consulted ; a long vocable is contracted ; a 
hard combination of consonants is mouthed over into mm ntteraUe shape ; 
subordinate elements are defaced Into confonnitj with the infeiktitjr of their 
consequence. So the sailor says hos*n for hoatiwamf tc^gaPnt^ls for topgitd' 
lantsailSf Sec. This is a part of the wise economy of spoech, a anrf means 
of the integration of words, contribntinj^ to concir^enes;* nnd vij^or of cxpro>^?ion. 
But it is also a blind tendency, and itd elTuct id in part destructive. It leads 
to waste as well as economy ; ease and convenience being consulted by the 
sacrifice of what is valuable as well as the rejection of what is unneeessarT^ 
if* indeed* it can truly be taid that a people not undergoing degradation of 
ehaiaeter ever sacrifices anything of its language which is really valuable with- 
out providing an equivnlrnt. A language may thus, at any rate, booomo 'j-reatly 
altered, giving up much wliich in other tongues is retained and valuc<i. Onr 
own English offers one of the extremcst examples known of the prevalence of 
these wearing-out tendencies. 

Thus» for instance, the primitive language from which our own is deseeoded 
had a full set of tenainations for the three persons plural of the verb, viz : man, 
tasi, Jiti — 0. g., la^amasi, lagatasu lagmiti, " we lie, ye lie, they lie." In 
Latin they appear shorn of their final vowel, as wjim, lis, nf. In Gothic, the 
oldest Germanic language, they are reduced to their initial consonants only, 
OT, t/h thus, ligam, ligitht ligand. They are still, in this form, pretty 
distinctive, and sufficient for their purpose. But the prevailing custom of ex- 
pressing the pronouns along with the verb lessened their necessity and in 
Anglo-Saxon they are nil reduced to a Finr^le foim, ath in the present, on in 
the imperfect. We, linally, have cut thorn otf entirely, and say i^e jfV ke^ 
they lie, without any endings def^ii^natinj^ llie per^on. 

In the dccleueiou of nouns we have cil'ected a revolution not less thorouglx. 
Our ancient mother-tongue declined every noun substantive in three nombm, 
with eight cases in each, and every adjective in three genders besides. With 
us aU adjective declension has disappeared, and of substantive dedensioii we 
have saved oply a genitive and a plural ending, both .t. In a few plural?, as 
wicn, mice, teeth, we have seized upon a distinction nt first euphonic and acci- 
dental only, and have made it significant. So al^o ni the conjugation of our 
** urregular" verbs, as 9mg, 9ang, tung; the change of vowel was at first merely 
euphonic, then became, as in most German dialects it still continues, anziiiaiy 
* to the sense, and finally, with us, it is in many cases the only means of di»> 
tinction of present, preterite, and participle. 

In one remarkable case, the wcarin^'-out processes have led to the total 
abandonment of a conspicuous department of grammatical structure. A dis- 
tinction of gender in nouns, as masculine, feminine, or neuter, marked by dil- 
ferenees of tennmation and declension, has ever prevailed in the fiimily of lan- 
guages to which ours belongs. Even in the Anglo-Saxmi, nouns were stOl 
masculine, feminine, or neuter, not according to their natural character, but in 
conformity with the ancient tradition, on fanciful ground* of difference, which 
we find it excessively difficult to trace out and ncofi^nizi-. But in the exten- 
sive decay and ruin of grammatical lurm^ aLLcudiug the elaboration of modem 

Eag^isli from Anglo-daxoii aadNoniMB JPniifih» lihii whole lehoDM ef artttdal 
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distinctions has disappeared, leaving almost no trace behind. Natural gender 
has replaced grammatical, and the pronominal forms he^ the, it, his, him, her, iu, 

.an iQpr only means for its indicatioii. 

Aese two proccBses — ^the production of new forma hr tlie oomt>uiatSon of 
old materials, and the wearing down and wearing out of tne forms so prodncedt 
are the y»rincipal mean?* by vhich tlio external life and growth of language are 
kept up, hy whor?e operation .•'pii]>.i n longuea are coubtautly bcc<jming otlicr 
than they were, liut they arc only auxiliary to a not less striking growth in 

i :th#telano0 content of speech, in the meaning of words. It is as miportent a 

.part of thfi. biatorical study of u Avord to trace out i't^ changes of signification 
as its changes of form ; and the fonni r are even richer in curious and unex- 
pected development:*, arc fuller of instruction, than the latter. The internal 
coutcnt of language is pla:jtic to the touch of the inspiring mind. But for 
this, no variability of form or facility of combination could make it aucht but a 

rltiff 4lBM|Mnietor^ incapable of nupplying for any timo the needs of a think* 

?|Bg^ ftiattll0b observing, and reasoning community. Old words are a])plied to 
new uses ; the geneml i.i individualized, the individual generalized ; the con- 
CH'te become.^ lh<- ah.-tract ; a {>regnant expreti^ion, a t^tartling metaphor, is 
reduced to tlie h-vel of an ordinary plira.se; delicate shades of meaning arc dijj- 

vtijM^uished by the gradual differentiation of synoiiymou^ words, uud so on. 

^ci )^rai:>Mia at whidi these processes of change go on is very various. It de- 

' pandBt in part, upon subtle and recondite cauHes, as upon the individual char- 
acter of different laiignnges and the qualitiea of tlie peoples ^^'ho speak them — 
qualities, perhaps, wliirli exliibit th< niselves only in this way, and hardly ad- 
mit of analysis aud recognition elsewhere. In j)art, it depends also upon ex- 
ternal circumstances, upon change of surroundings and moae of life, of mental 
trfnid j^ysiaal activity. An English family, wrecked on a coral idaad in the 

, raaath seaa* would soon find a great part of its vocabulary useless, and in a 
very few generations its language would have become vastly impoverished. 
A tribe from such an island. fi<.Min, if suddenly transferred to the midst of 
northern variety of clime, product, and occupation, would have to expand 
rapidly its store of speech to keep pace with the growing vvealth of its expe- 
,q»<ianc«»t As regards grammatical change, all that assists the purity of linguistic 
tncBtion tends to keep language the same ; so, especially, culture, literature, 
the habit of instruction. Careful and jiervading education reduces to a mini- 
mum that ininicnsf aud most important class of changes which begins in popu- 
lar inaccuracies. On the other hand, the intermixture of races of diverse 
speech, rendering necessary the elaboration, by mutual compromise, of a new 

..malnat wmmon use, tends powerfully to the disorganization of grammatical 
aifiietare. It is such a course which has made of our English the language 
which, above all others, has yielded up most of the grammatical fidiric which 
was its birthright aud inheritance. 

The prooeaaes of alteration illustrated in the last lectm-e are familiarly apokea 
of as going on in language itself, like fennontation in bread, or deplaccment 
and replacement in animal tissues. But it must not be forgotten that every 
beparatc item of change is the work of an individual or individuxds. In Itm- 
guage. tho ultimate atoms at work aie not dead matter, but intelligent beings, 
acting for a purpose. Each, indeed, acta unnremeditatedly, and lor the moat 
part unconsciOQuy ; each only wants to use tne common possession for his own 
Dcnefit, at his own convenience ; yet each is also an actor in the great work of 
preserving and of shaping the general speech. Now, the infinite diversity of 
circumstances and of characters in the speakers of language tends toward infi- 
nite direiBity in their aetion and its results ; eaek would, acting independently, 
inpnaa upon its piogreas a aomewlial diffBreufe oomae. liogniatie develop- 
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meat is tlius the protiuct of an infinity of divergent or centxifiigal forcea. The 
great centripetal force which holds theni m check* and comhines them mto « 
single direction, is 1»ho necessity of commnnication. Han is no solilo^nist, and 
that would not be language which was understood and employed by one only. 

£acb person if*, in liin own wny, engaged in moditying^ langwatr'". ^nt no one's 
action shapes the frciK r il spi ueii unlcgs it be accrpfed by tiie rciSt and become 
common usage. Ldch couimunity must epeak alike; whatever changes their 
tongue may undergo mu^t be ratitied and adopted by them all. 

Gommnnication being thus the force which prodnces oniformity of apeeeb, k 
is clear that whatever narrows communication and tends to isolate communities 
favors separation of a language into dialects ; Avliatrvrr rxtenda communication 
jnvl rxjtrinds the limif?^ of communities, tends to pre.-frvc language liomoge- 
ucouj*. \Vlien a race it* conhued within narrow boundaries, however rapidly 
its tongue may midergo the inevitable processes of change, all will learn iiom 
each and each from all, and they will continne to understand one another. But 
if the race grow rapidly in numbers, spreading over region after region» and 
eeoding ont distant colonies, only favoring circumstances and conditicnw can 
preserve its unity of speech. In a low state of civilization n maintenance of 
the bonds of community over a wide area i? impracticable ; the tendency is to 
clannish feeling, to separation into tribes; and multiplicity of dialects is the 
natural conseonence. Culture and enlightenment give a wondeiftil cohesive 
force ; political unity, national feeling, community of traditions and fiddi, make 
fltnmgly in favor of linguistic unity also; a traditional literature helps yefe mofre 
powerfully to the Fame result; but, most of all, a written literature, and a Fys- 
tom of popular iustruction. The same causes which restrict the variation nf 
language iu rtnie, trora generation to generation, restrict it also in space, from 
region to region. Moreover, as community occasions and preserves identity of 
apeeeh, so it also has power to bring identity out of dissimilarity. The fusioii 
Of communities causes the fusion of their forms of opeech ; the multiplication 
and strengthening of the ties which bind together the sections of a people makes 
for the cffacemeiit of difTi rences dn ady existing, the assimilation of dialects, and 
the production ot jioui«><^eneou.s Juiiguage. 

Both classes of itdluenccs — those which lead to diversity and those which 
produce aeshnilation— are always at work, and a coiitidemtion of thdr joim 
and mutual action is necessary to the explanation of the history of any lan- 
guid, or family of languages ; but the former are more fundamental and in- 
separable from linguistic growth ; the latter are more external and incideutal, 
more varying in their mode and Fcale ot operation. Language ei, ervwhere 
tends to diversity, but circmnstancen connected with its use check, control, and 
even reverse the tendency. The division of a formerly homogeneous language 
into dialects has been the rule in human history ; the extinction of dialeetie 
differences, whether by the extinction or fusion with others of the peoples en- 
ploying them, or by extension of the sway of single dialects, has been the ex- 
ception, connected with the gieat fact;* of history, the spread of empire and 
civilization under the ausipices of certain races. Milled hy a too exclusive at- 
teulion to facts of the latter class, one or two modem authors of high rank have 
been guilty of the paradox of holding that infinite dialectic division is Ifae 
normaJ primitive state of language, which tends to coalescence and assimihtteii. 
A greatw and more pernicious error could hardly be maintained. 

The principles here laid down teach us how we are to proceed in classifying 
'and arranging the infinity of tongues now prevailing ( ii ilie earth. Manv of 
them, at least, are the divergent branches of more originai btocks. Languages 
•re to be grouped by their affinities : we afe to mok togelhar fimi those which 
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are of closest and most evident relationship, and f^radually to extend our echcme 
till we have done all which the nature of the case permits ; tifl the evidence on 
Whiek we fimnd our classificution fails us. 

That the alightly distinguished foms of speech ( vailing in the diifereDt 
sections of our own couutiyf and even tlie more notable dialects whieh are to 
be found among the lower orders of population in tho British isle.i, constitute 
together a single languajre, is too evident to call for }»roof. Let the man most 
ignorant of history ^ro ahont the world, from Briti.-h colony to colony, tindirig- 
here and there, on coaat and inland, in fortress and city, communities of Engli^h- 
mieaking people, and he will not think of doubting that they were all scattered 
thither from a common centre, and have their common language hj community 
of linguistic tradition. A like conclusion* is almost equally palpable when we 
seek after kindred for our Ian<runj?e on the continent of Kurope. There ii? a 
large class of evident!}' related dialects, occnpyin:; the Netherlands, Germany, 
I)enmark, the bcandinaviun peninsula, and Iceland, which a very little Ftudy 
.titmn us to be akin with the more important half of our own tongue, that 
whieh comes to us from the Anglo-Saxon. There is another large class in 
•onthem £uro}ie, comprising the rrencli, Spanish, Portuguese, Italian, lUiscto- 
Homanic, and Wiillacliian, which exhibit an equally clear connexion with the 
non-Saxon part of our laniiliar speech. If we say (rvc, while tiie Dutchmau 
says trouw, the German irtu, the »Swede and Dane trOy Sec, it is because wc 
have all received the same word in the same sense by uninteiTupted tradition 
from some community which used a form coincident with one of these, or nearly 
resembling theni all. So, also, if we say vcrifi/, while the Frenchman saya 
txfrite', the Italian veritd, the Spaniard nrddd, &:c. llccordcd history, in fact, 
fully explains tho descent of this latter class of languages from a single mother, 
the Latin-, as it also makes clear why our Kn;:^lish is composed of materials 
derived I'rom both classes. What recorded history docs not explain is the 
jAec6 Toeondite, but not less undeniable evidence of relationship whieh we dis- 
. eiv^ between these two classes themselves, as well as between them both and 
^.VIDSt of the Other languages of Europe, together with some of those ftf Asia. 
These are, namely, the (rreek, ancient and modern ; the Slavonic, occupying 
Russia, I^dand, Bohemia, Servia, and other provinces in the eastern part of 
Austria and the northern of Turkey ; the Lithuauic, around the southern shore 
of the Baltic; the Celtic, of which tne scanty remains are now found in Ireland, 
. .tli0> Scotch highlands, Wales, and Brittany; and, outside of Europe, the tongues 
of Iran, as the I*ersian, with its ancient and modem congeners, and its remoter 
kindred, Kurdish, Armenian, Afghan, and Ossetic; and, finally, the languages 
of India, the Sanscrit and its descendants. 

These various branches go together to make up the great family of related 
. languages which we cull the ludo-Europeau. Their relation to one another is 
•;jtfie same in kind with that of the various Gkrmanic dialects, or the Romanic, 
jmd differs onlv in degree. The resemblances and coincidences which they 
Lfsbibit ave explainable only upon the hypothesis of a common linguistic tradi- 
■ ;tfan; their differences are fully accounted for by their divergent growth and 
development during tlic ages which have passed since their separation. A few 
jjieljicted specimens of their accordance will be enough to give here, as theii- 
iiadfilloii is now a matter of general knowledge, and few or none are found to 
. doubt or deny it. Examples of words corresponding in all or nearly all the 
nilbfunehes are as ibllows (the equivalent words in two or three unconnected 
* languages are more folly exhibiting the value of the 

jaeoinc-idences) ; 
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Two. 


Three. , Seven. 


Tboa. 


Me. 


Mother. 


1 

BrottMir. jDaaghter. 


Lithiianic 

islxivijaic 

Celtic 


Twa. 

Dwa. 

Diiti. 

Dun. 

I>„.,. 

Dwik 

Dira. 

Itho. • 
IkL 


1 

Thri. 1 Sibnn. 
Tri. ScjityoL 
TrI. 1 8cdini. 
Tri. Sccht. 
I'Tvn. Sf^ptPtn. 
Trei*. ir-i't.i. 
TrL 1 liapta. 
Tri. . 9apim, 

Thal&th. I Sab*. 
Ccb. ! YedL 
Haioin. Het 


Thu. 

Tu. 

Ttl. 

Tu. 

To, 

Sn. 

Tom. 

Twam. 

Anta. 

Sen. 

Te. 


Mlk.^ 

Me. 

Me, 

Me. 

m. 

Ana, 
Ueo. 


Mooter. 

Moter. 

Mater. 

Matbair. 

Mrtter. 

>!<t»sr. 

Malar. 

UmiZL 

Ana. 

Aoya. 


I?ra«. 
Bratbalr. 
Fratcf. 
Phrstor. 


Dokter. 
Uochj. 






Anble 

Torktab 


BhiitHV 

Akb. 

Kardath. 

Fiver. 


Dahhv. 

Bint 

Kiz. 

Loaoj. 



But, to the historical .«tuilcnt of language, corrcspoudencos of grammatical 
structuru are more uucq^uivocal c^igus of near relationship than correspondences 
of words* being less exposed to impotatioii of accidental origin* As striking 
and convincing an example of this kind of evidenoe, perhaps, as any other is 
fnmiphM ta the inflection of the verbal tenses, as follows : . 









He hath. 


Waham 


Tahav*. 


Tb«f ham 


OriMi 


Bate. 

-mi. 
-mL 
-m. 
Haboo^ 

-mi. 

-m. 
-mi. 


Habai-B. 
-«L 
-«L 


Habai-th. 
-tL 
-tL 
-d. 
Babe-t. 
-tL 
-d. 

-tL 


Haba-m. 

-ran. 
Habn'iiitii 


HabaMb. 

-U. 
-4. 
Habe tit 
-ta. 

-d. 
-tba. 


Haba-od. 
-IL 
-H4L 

-nd. 

-QtL 


jri^ 


Bate-*. 

-•L 




-in. 
•4naiL 



These are specimens, taken from among a host of others which crowd every 
part of the grammar and voealralary of the languages in qnestion, and their 

convincing weight it is impossible to deny. It is certain that at some time in 
llic pa.«'t, and in 8omo limit<-d ropon of A«i;i or Europo, there lived n tribe from 
whose nide .'speech have deHcciuled .'ill those rich suid cultivated toiif^iics now 
spoken and written by so many great nations of both the eaisteru and western 
continents ; but to know jnst where and when is beyond our power. The claim 
often set up that the home of the family was in the northeastern part of the 
Iranian plateau, not far from the mountains of the Ilindu-Koh, rests upon no 
sufficient grounds. The traditions of no race reach b.ick far enonj^h to be 
authoritative upon such a point. Nor is the testimony derivable from language 
more conclusive. And to de6ne, even with distant approach to confidence, the 
time which the tonguf^s of the family mi»t have occupied in running their 
career of development is wholly impracticable. That the time of Indo-Euro- 
pean unity must have been thousands of years before Christ is very certain. 
Recent di?cnvrnrs are provin"^ that man's antiquity is much prreater than has 
hitherto been usually supposed. Respecting the ori^^in of particular races our 
knowledge is likely ever to couiiuue exceedingly iiidehnite. As to the grade 
of civilization and mode of life, however, of the Indo-Etiropean &mily before 
its ^persion, their language gives ns reliable^ though incomplete, information. 
Woids which are found in the speech of all the separated branches must hare 
appertained to the mother tongue, and must imply the knowlcdgt? or possession, 
in that primitive period, of w!irit they indicate. By fuch meaus we learn that 
the tribe was not uumadic, and that it addicted itself to ag^cultnre and the 
raising of cattle. It reared our chitf domestic animals. The region it inhabited 
was raried, and not near the ocean; its most marked season was winter. 
Barley, and perhaps wheat also, was raised (or food. Certain metals were 
work* J, p' :t}i;i]i» iron among them. Wenvinc^ was practiced. 'I'lie nrm? of 
oSaoM and deteoce were those usual amon^ primitive peoples— the bow, sword. 
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epear, and shield. Boats were bnilt and managed by oars. The poUti€al organi- 
zation was prolmbly tbat of pe tty tribeB. The relatioxiB of the uaaij were well 
and distinctly established. Some of the starg were tkOticed and naxced ; the 

moon was the chief measurer of time. Tlio religion was polytheietic — a worship 
of tl)o personified powers of nature, and its rites were practiced without a 
pried Lhood. 



TLe propent lecture is to be devoted to the further consideration of the Indo- 
European lamily, to a brief exposition of its importauce, and of the special 
interest attaching to its language, and to some account of the history of the 
latter. 

One source of the especial interest which we feel in Indo-European speech 

is found in the fact that our own language is one of its branches. This would 
call for and jusiily a particular attention to it on our part, even did it lack 
claims to the same I'rom men of other races. But it does, in fact, possess such 
claims, and that partly by reason of the historical importance of the peoples 
which speak it, and their superior gifts, which lend prominent value to inquiries 
into a matter which ilhustnitcs both. . Since the first rise of tire Persian empire, 
the various branches of this family have borne a leading part in the drama of 
universal history. Greece, however, the bitter foe and final eonrjueror of Persia, 
was the chief founder of Indo-European greatnepp, and the most brilliant ex- 
ample of ludo-Euiopeau genius; iu ait and iilerature what the Hebrew race 
haa been in religion, and exerting an influence as unlimited in space and in 
time. BoQie next, inheriting the fruits of Greek culture, gained the empire of 
the world, and impressed upon all nations a political and social unity. Chris- 
tianity itself, rejected by the Semitic race among whom it appeared, was taken 
up by In do- Europeans, and added a new bond of unity, a religious one, to the 
ties by which Rome bound tlx world together. The Geimans were mainly 
instrumental in overthrowing iliv power of Rome; they gave monarchs to nearly 
every throne in Eurojpe, and inftised new blood into the effete populations; but 
their devastations ushered in a period of darkness, during which it seemed for 
a time as if the Semites, inspired with the fury of a new religion, (^loham- 
raedanii^m,) were to succeed to the empire of humanity. With their repulse and 
downfall began tin- last and most glorious era of Indo-European supremacy, in 
the midbt of which we live; when the races of that family are the undisputed 
leaders, the acknowledged guardians and propagators of civilisation. The 
establishment of the unity of this family, and the light thrown from language 
upon its history, constitute the most brilliant achievement of the new science 
of language, which began with its recognition, and hn-^ developed along with 
its investigation. Indo-European language furnished such a grand body of 
related facts as the science needed for its sure foundation. Its dialects have a 
range, in period and variety of development, to which those of no other family 
approach ; they illustrate me processes of linguistie growth upon an unrivalled 
seiue. The records of Chinese literature go back, perhaps, to on antiquity as 
great, or greater ; but the Chinese Iringuage is almost without a history. There 
are Egyptian written documents which are older than anything cli?e the world 
has to bhow, hut they are scanty and obscure, and the Egyptian tougue also 
stands comparatively isolated. The Semitic languages come nearest to offering 
a parallel ; out they, too* foil iar short of it. WhUe ueir age is nearly the same, 
their variety is greatly inferior; they are a group of closely related dialects, not 
presenting greater differences than some single branches of the Indo Tviropcau 
family, as, for instance, the Germanic. And the other divisions of the human 
r;;ce hardly cover, to any notable extent, time as well as .-pac i w'ah their kno\\ u 
diakcts; they oiler us only their extant Ibrms of specdi. jSqv/, much may ho 
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done, eFCn with the aid of contcmproraiy related dialects only, towaid MW* 

tratingr their common hipl<>ry. because one will be fnimd to have preservea one 
part, aiKitlRf another, of ihtir ancef^tral tanguef^ ; but conclusions so reached 
"will be inlerior botli iu copiousness atid in certainty to tbose which arc derived 
from « eomparative stady of older and younger dialects, which illustiate the 
laws of change in their progresa, and trace, as it were, currenti) and courses of 
development whose direction we can follow backward with confidence. This 
advanta*^ wo onjoy. to tho highegt kuown degree, in llio Tndo-Europom ] 
guageti. lu tho tirrnianic branch we have several (liircron t linos ol Imguiitic 
descent, extending through a period of 1,600 years; the Eugii.-^b going bock to 
the Anglo^Sazon of the seventh eentory ; the Qennan nearly or quite as &r| 
the Scandinavian to a somewhat less remote period; whOe the venerable Gothie 
' of the fourth century (oldest of all) helps notably to bridge over the interval to 
tho primitive lan«!:nn<!^ of the family. Ooltic literatnro is much less rich, and 
alfto ifi^H ancient, carrying ns up to or bt'vond the ti iuh century. The oldest 
of the numerous Slavonic dialed^, the ancient Bulgarian, has mouumeuu^ a 
thousand years old. The Lithaanic is of mneh more recent date, bnt in many 
of its forms more antique and primitive than any of the languages hitherto 
referred to. The Romanic languages, through their mother, the Latin, take 
ns up to a few centurios beyond the Christian era ; the Greek to toward a 
thousand years before ('hrist. The varied t^erie:* of IN rpian toagued comes 
down from an antiquity nearly equalling the Greek; and the Sanscrit, the 
sacred language of aoeient Ind&» exceeding all the rest in age» and yet more in 
its preservation of primitive material and fonns, reaches in its oldest records an 
epoch lemovcd nearly 4,000 years from our own day. 

In investigating this rich and varied body of kindred tong-nef, the new 
Bcitiice of language elaborated its proce^fOf and deduced itr* general laws, ap- 
plicable, with ^uch modifications &a the separate ea^es require, to other families 
also. The general method of study is everywhere the same, being conditioned 
by the natur f language itself, as a thing of historic growth, and by the 
capacity of related language? to cast light upon each other's history. Historic 
analygin, by the aid of an extensive and careful comparison of kindred form?, is 
the grand moan? of research. From this its fundamental method, the science, 
in its growing tifagc, bore for some time the familiar name of "comparative 
philology." The comparison must be made in a sdentiiic and orderly manner, 
procecdiiig from the nearer to the more remotely connected, from the clearer to 
tlie more obscure; but, finally, all language is l)rou^lit within its sphere, and 
the tull moaning of each linguistic fact iB read in the light of eveiy other, 
diverse as ^vt ll af correspondent. 

The iiis«tory of iudo-Karopeau speech has been more carefully read, and is 
better understood, tiian that of any other grand division of human languag^^ 
imperfect as is still our comprehension of much that concenis it, partly owing 
to the incomplete analysis of evidence still preserved, but partly also to the 
irreparable 1o<*<> of evidence. Some of the principal £sota in that history are 
worthy of furthej- attention. 

The chief processes iu the growth of the languages of our family have been 
shown to be tne eombmntion of old material into new words, with accompany- 
ing corruption and mutilation of phonetie form and indispendent meaning. 
These processes may go on in the future to an indefinite extent, with constant 
rvobition from each form of p pooch of another pli^htly difloring from it, until 
the descendant? of every existing dialect shall be so unlike their ancesitrrs 
that their rclatiom«hip thall bo scarcely discoverable. The quc&liou arises, 
whether there has been the same Inaefinite progrsss in the past* without 
traceable sign of an aetnal beginning. This inquiry is to be answered in the 
negative; tne evidence of language points distinctly back to an earliest con- 
dition* or oommenoenMot of hinory ; our aaalyaia brings us finaUy to elsmwiis 
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wlikb we must regard as original. lint, it mint lie ebdmed tliat e«ir amlyaee m 

real, and not imaginary ; they are the retracing of the steps of a prcvicMUl 
synthesis. Tliis palpably the case with the latest of tlu m, as in the case 
of trufhfifl (truth'fui) and godly f end-like) ; it is equally clear, too, as n-gards 
ail the loimative apparatus* whit h i,- jn onliur to t!ic Germanic IaDguagei», t»juce 
this must have been elaborated by ilieiu iiom their own materials, since the 
separation of the Qermaoic, hnmch from the xeet of the family. But there ie 
BO Stopping in this series of admissions. Every word-element, separable by- 
analysis, of which the genesis can l>e shown, which can be carried hack to a 
word havin*]^ an indcp^^nrli iit status in the laTip-xia^e, must have been appended 
as an iodcpfMident vocaMf to the words with which it wa>* first connected. 
And even more. Considering how easily the evidence of origin becomes oblit- 
erated by the proeeasea of phonetic alteiatioa, we may not deny a fanner in- 
dependence to formative dements of which we cannot now trace the geneaiflb 
The parts into which etymological analysis separates our words arc, as anni- 
Tcrf»al rtilc, tlio^ie by the actual putting; to^ctlirr of whicli tlu; words in ques- 
tion were once made up. In analyzing irrcrocnbility, for example, we take 
oif ailix after ailiK, leaving ca^h time a word to which that atlix hud been 
added, till at last is left only the syllable voc, which conveys the idea of "call- 
ing," and which, though nowhere appearing in its naked form in aetoal nse, 
\v I nuat believe to have existed before any one of the various afii x with 
which we find it in combination was appended to it. To such syllables, which 
we call root?, wo everywhere arrive bv pii^liinp;' our analytical process to the 
utmost, and these we believe to be the ^enn^ out of which lan«:]^uaj;;e has actu- 
ally grown. In other words, the Indo-European languages began witli an 
original monoeyllabie sti^e. From monosyllabic roots, by processes not differ* 
ing in natnie from those which are still in operation, hm been developed the 
nuurvellous and richly varied stnictnre of our modem speech. This is a truth, 
the recognition of which ha? bf>en reached, almost with unanimity, by students 
of language; the objections whuli are luged againt?t it by the few who refuse 
it their belief are founded in mii^appreheusion and prejudice, and arc of no 
avail. 

The Indo-Enropean roots are of two classes : roots of position, demonstra- 
tive or pronominal roots, and roots of qnality, predicative or verbal roots. The 

former form chiefly pronouns and prepositions ; the latter, verbs and nouns. 
Pronominal roots denott^ the n larion.s of" things to thespeiiker as regards place; 
their fundaraetital distinction iri between the this and the thai, the nearer and 
the remoter object. Tluy are of the simplest phonetic form, generally a sim- 
ple consonant with a following vowel, composing an open syllable, and they 
are but few in number. The verbal roots are more nnmerous, eonntittg by 
hundreds, and they are of every variety of form, from a pimple vowel to a 
vowel both preceded and followed by one or more consonants. Instano M are: 
» and gd, denoting simple motion; ak, awjit motion ; .sid, standing; ra.y, Btay- 
ing; sad, sitting; pady walking; vart, turning; pal, ily iug; ad, eating; ofl, 
drinking; vid, seeing; vak, speaking; dd, giving; garbht grasping; iih, 
pointing out; bhar, bearing; kar^ making; bartdk, binding; blid, shining; 
ik(h growing, fcc., &e. They represcBt each its own meaning in its naked* 
B'^'^'i of all limitations or applications, in a state of indeterminatcncss from 
which it is equally ready to take on the semblance of verb, substantive, or 
adjective. 

The first beginnings of polysyllabtem were made hj compounding together 
roots of the two ckMes. Thus, the addition to the root vdk, ^'speaking,'* of 
the pronominal elements mi, si, ti, produced combinations to which usage as- 
signed the meaning "I speak, thon s^peakest, he speaks," laying in them the 
same idea of predication which we put into the ambiguous word lope, when we 
say " I love." Other pronominal elements, moditicd or combined to express 
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doAlity and plnrali^* ftmied the other numbers of this simple verbal tense. 

The prefizion of an angmrnt, an adverbial prefix, pointing to a "then" or 
"thcrr*" ns one of tbn conditions ot" the action, f^uvo n past ton;;e ; roduplica- 
tion, symbolizuig tbe compieiiou of the action, produced a pt'ri'ecU The futnre 
and the moods, Bubjunctivc and optativc» were chiefly formed by compusition 
wUh the developed forms of other roots. si<rnityin^ «' to be'* ana " to oeaire." 
ExpiinHion^ ot' tlic verbal schome. down to SQch late formations 88 the G<;rmanie 
preterit f I lorc-d — I /ore-did J and the Romanic Aiture {j'aimrr-ai —jui d, 
</??r "", " 1 liave to l()^■e,") ;ire very numeron^ and various, 'i'lie .«ame root of 
action or t^uulity, by the addition of other alUxe.s, in part of pronominal origin, 
in part derived from other verbal root.«, had its indefiniteucsd limited to exprca-. 
aion of the person or thin^ ))o^^ses^^ing the quality or exerting or sufiferins; tho 
action, or the act or quality itself; and the loniis 80 created became the Mflift 
of 8till further nioditicaiion and combination. Thus arose noun.s, Hub^tantive 
and adjective ; for the two cla.^.ses are originally and in idea but one. Things 
were named a.s the poi^.se.^sors of qualities or acts, not in the way of definitiou 
or complete description, bat by seizing on some notable charactcri^itic. and 
making it stand as representative of the rest. Nouns were provided with easer 
(eroiiliatioilS ; tlies^o varied the theme.s to which they v, ere appended, as to naa^ 
ber, whether singular, dual, or plural; as to gender, whctlier male, female. Of 
neither of the tw«), (and t his, asaln.'ady noticed, upon an ideal sclu'me of classi- 
fication;) ami as to cas<s or kind of relation sustained to the action of the sen- 
tence, whether as subject, direct object, or indirect object, w ith implication of 
the relations which we express hy the lue of the pn -positions to, m, y^Uht/iromt 
for, and nf. Eight such cases w(-ro possessed by the primitive language ; the 
Anglo-^?axon n-tained live of them; we have saved but one ot" the oblique 
cases, the genitive, (our '• possessive;,") I'rrpositions, adverbial pretix<'s to the 
v(ii'b, of mixed prouomiual and verbal origin, were from a \ ('ry early time im- 
portant aids in directing and limiting the action expresbcd by the verb ; these 
only hiter. and by degrees, detached themselves from the verb, and camA to 
belong to the nouji, assuming the office of its di.-appearing case-endingS. , The 
article is the i)art of sptcch ot' most njodern f»rigin. the fit linite article growing 
out of the d(:;monstrativt; ])ronoun, the indelinite out of the numeral one. 

At, what rate ihe^e proceb^-es of growth weiH on at the bi ginning, how rapid 
waa the development out of monosyllabic barrenness into the wealth aud ibr- 
tality of inflective speech, we can never hope to know. The conditions of that 
ancient periodt and the degree in a\ hi( h ihey could quicken the now sluggiih 
processe.-* of word-comliination and formation, are biyoud our k(.'n. \Vc know 
only that, Ijetore the separation oi" tlu; Ijido-Kuropcan tribe into tin; branchei 
which latci- became the natioati of Europe and southwestern Asia, so much of 
this Un^gQiatte development had taken place that its traces remain unc^uiCGd, 
even to the present day, in the languages of them all ; and, also, that the wodt 
Was accompliiihed hundreds of years, if not thousands, before the light ofn- 
eorded hiatoxy hieaks upon the very oldest member of the lEunily. , 



Mneh of what has been shown to be true of the hiatoiy of Indo-£urope4n 
language is true also of that of other dividons of the human race. All ilia 

varied forma of ppeecb which till the e;irih have grown into their presort 
ehiipe by development out of tucli sinqdc t leinrnts as w<! have called roots; 
roots, too, have been everywhere uf the same two classes, pronominal and vcr- 
UU« aud the earliest fornix have bccu produced oopecialiy by the combination 
of the two. Lingnistic fiunilies are made up of those languages which have 
veeogniaably descended* in the ordinary course of lingaistic tradition, from a 
common ancestor. Bat the^c great families are found to differ from aiM. 
^wrthiffj not only in theiY maiaiial* hnt also in their w^^wgo™*" ^ of j^* ^ iHif^^ 
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apprenension of the grammatical relations to be expressed by the combination 
of elements, and in the general way in which they apply their resources to the 
expression of these relations. Indo-European languages are what is generally 
called "inflective." By this is meant, that they show a peculiar aptitude in 
closely combining the radical and formal elements, forgetting their separate 
individuality, and accepting the compound as integral sign of the thing indi- 
cated ; submitting it then, as a whole, to the altering processes of linguistic 
growth. This tendency shows itself very diflfcrently in difl'erent constituents 
of the language : in vntruthfulltj, for example, the four elements are held in- 
dependently apart ; while in sing, sang, sung, song, inflection has reached its 
extreme result, substituting an internal variation for original aggregation. The 
value of this distinction will appear more clearly as we go on to consider the 
characteristics of the othrr great families. Wo will take them up in an order 
partly geographical, partly based upon their relative importance. 

The second family is the Semitic, or Shcmitic, so called because the descent 
of most of the nations speaking its languages is traced in the Bible to Shem. 
Its principal branches are: 1. The northern, Syriac or Aramaic. 2. The 
central, Hebrew and Phenician. 3. The noutheni, Arabic, with its outliers in 
Kastem Africa, the languages of Abyssinia. It is a strongly marked group, 
and, though occupying but a narrow territory, is of prime consequence* from 
the conspicuous part which the race speaking it has played in the history of 
the world. In the great empires of Mesopotamia the Semitic race first rose to 
high importance; then in the commercial and civilizing activity of the Phe- 
nicians, whose colony, Carthage, long disputed the dominion of the world with 
Rome. Meantime, the politically almost insignificant little people of the 
Hebrews were producing a religion and religious literature, which, made uni- 
versal by Christ, were to become the mightiest elements in history. Finally, 
in the Mohammedan uprising, the third branch of the race advanced suddenly 
to a leading place, and for a while threatened even to reduce to- vassalage the 
Indo-European nations ; and it is still a conquering and civilizing power in 
parts of Asia and Africa. 

The Semitic type of language is also inflective, like the Indo-European, but 
not in 8u6h a way as implies any historical connexion between the two. The 
Semitic tongues are in many respects of a more strange and isolated character 
than any others known. Their most fundamental peculiarity is the triliterality 
of their roots, every Semitic verbal root containing just three consonants. 
And it is composed only of consonants : their vocalization is almost solelya 
means of grammatical flexion. Thus, q-t-l is n root conveying the idea of 
"killing;" then qatala means "he killed;" qvtila, "he was killed;" vqtul, 
"kill;" qalil, "killing;" iqli'il, "causing to kill;" qatf, "murder;" qitl, 
" enemy;" gutl, " murderous ;" and so on. Prefixes and suffixes are also used, 
but to only a limited extent; there is little left for them to do; the formation 
of derivative from derivative, by accumulation of affixes, is almost totally un- 
known. This significant vocalization is, to our knowledge, an ultimate fact in 
Semitic speech in all its forms, as is the radical triliterality ; but it seems im- 
possible to regard the latter, especially, as absolutely original ; and many at- 
tempts are made, with but indifferent success as yet, to reduce the roots to a 
simpler and less Procrustean form, out of Avhich they should be a development. 
The difl'erent languages are of very near relationship, like German, Dutch, and 
Swedish, rather than like German, French, and Russian, for instance. Nor 
have they varied in the course of their recorded history to anything like the 
same extent with the Indo-European languages. Everything in Semitic speech 
wears an tispect of peculiar rigidity. 

The Semitic verb is strikingly unlike ours in its apprehension of the clement 
of time. It distinguishes only two tenses, whose chief distinction is that of 
complete and incomplete action : each may be, in different circumatancea, either 




110 



PRIKCIPLEii OF LINGUISTIC SCIEl^CE 



pwt» praMOtp or fttnra. Of wealth of mocLdBinai tlwreitbnt Htlie; dlitiiio- 
tiona of the action of transitiTe* caitsol, inteiiBiTe, iterative, reflexive, and the 

]iki". by FO-callcfl conjugations, arc nmltiplicd in?to;i(l. In ih<-\r nouns, the 
bcmite.-^ dktinguish two genders, uin.^ciilino ami fcmiuiue, and three numbers ; 
but ca»es are almost wanting* only the Arabic separating nominative, genitive, 
aud accu6ati\ c. The Bnbetaiilive verh ia moatfy wantiiig. The language is 
poor in partides and oonneetivet ; aentencea are atning together, not interwoven 
uito a period. The characteristic stiffness is also shown in the development of 
hip;Q location. Words applied to hudlictual and moral n5«e« remain metaphor?; 
the figun* ?how3 thron«:h, and cannot be lost sight of. iSemitic speech, then, is 
laihcr pictorial, forcible, vivid, than adapted to calm and reasoning philosophy. 

The next family of languages ia one of much greater extent and variety. It 
covers the whole northern portion of the eastern continent, with most of Central 
A.^ia, and parts of both Asia and Knrope lying further aonth. We will call it 
the. Scythian family; it is knoT^n also hy !»ovcnil other name?, as Ural-Altaic, 
Tutaric, Mongoiuu, Turaniim. ft is divided into hve principal branches: 1. 
The Ugrian, or Finno-Uungunun, which is chiefly European in situation, in- 
cluding the languages of the Lapps, the Finns, and the Hungarians, with tMr 
congeners in the Bnaaian territories, on both sides of the Ural. 3. The Samoi- 
edie, in Siberia, of small consequence. 3. The Turkish, or Tatarie, spoken by 
races who liave played ?omo eon:»picnoaM part in modern hiptory, epp' cinlly in 
the diBmciiibtjrment ot the Moliammedan f-mjure; iu* jsubdivisions are numerous, 
and extend from Turkey in jLurope t4) ilic iower Lena, in Northern Siberia. 4. 
The Mongolian, the language of a people who in the 13th eentnnr overwhebaed 
neariy all the monareliies of £nrope, and established for n brief period ao ei^ 
pixe die widest the world has ever seen : the Mongols now live in insignifieaaee 
under Chinessn domination. 5. The Tungusic, in the extreme ea?t, havinp; fot 
its princi|)al branch the Aianchu, spoken by the present ruling dynasty and 
Ifihe in Ohina. 

The Sevthiaa raeea hnvo played bnt a snboidhiate part in human nAfam; 
War and devastation have been their chief trade : they have shown no aptitude 
for advancing eiviliistion, and but Uttlc for appropriatiu;: it. No written mon- 
uments of th' ir l.itiprnn^cs earrv us back to a past rtr remote. 15ut it is 
claimed of iai^ 1 y !«tudents of the Asi^yrian and 13al)ylonun inscriptions, that 
one of their liUiguageb is a Scythian dialect, of the Finno-Uungarian branch, 
and even that uioee who spoke it weie the fonnden of the civilisation of that 
region. If this is established as tme^ it will greatly modify the aspeet of an* 
cicnt ethnological history. 

The linguistic tie which hinds together the branched of this great family is 
bnt a weak one, much leas unequivocal than in the other families we have noted. 
There is less correspondence hetweeu them in linguistic material and forms ; 
eKher tfadr aepantioii ia very remote, or they have had a pecnUariy mobile and 
alterable stnictnre. Their chief resemblaneea ara of morphological character; 
they are all alike ** agglutinative ;** the combinations by which their words ^re 
formed are of a loo?e natun;; the ront or theme is held apart from the suffixe?, 
and the.«e from one another, with a di«tiuctive confceiou.^ners ot their separata 
individuality. All formative elements follow the root to whicii they are attached ; 
ptefizes are nnnaed; the root, which b monosyUabie, remaining pure and un- 
changed, whatever accretions it may receive. It, however, tisnally alleets the 
suffixes, in a manner which constitutes one of the striking phonetie peculiarities 
of the family. The vowels are divided into two claF?e.-. heavy and lij^ht, aud 
only vowels of the same class aru allowed to occur within the limits of the same 
word ; hence, the vowels of all suffixes arc assimilated to that of the root. Thus, 
in Tinidah, tarn biib& eomea hiM-iarfm damp **fifom onr fitthen;" while from 
4addkoome8ied^4krwt».dbb«*fromthdrgrandfiither8.'' ThJa ia nanally calbd 
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Ae ^I«r of banDonle fleqmiiee'ol ▼owek.'' Yaiietiea and, irregnkrite of 
MBjngatioii and dedenaiou are almost wholly waating in Seythiait giwnnur. 
The rank of tbo Scythian languages in tne g«aeial Bcale of human speech* 

notwithstanding iheir onphonion^ structure and p^reat wealth of fonn^ m crrf.iin 
departiTK'iit.-^, is but an inferior one. Those of tht; western or European branch 
are decidedly the noblestt and they diminiah in value eastward* the Tunguaic 
beine the poorest of all. 

Toeiro are those who would give the Sc y thian fiunily a yet wider eztezurion* 
ev< II making it include most ef the other Asiatic tongnes* with those <tf the 
islands. Such sweeping classification, in the present state of onr knowledge* 
has no scientific value, and h fvrn opposed to tlie plainest e%'idence3 of lin- 
gtiistic structure and material. Une f];roup, that ot* th(^ Tauiulic or JJravidian 
dialecu of Soutbtru I udia, most coutideuily, and with motit plausibility , claimed 
as Scythian, and may probably yet be proved such. 

China and Farther India are occapiea by faces whose languages form a am* 
^ class. I'lieir distinction is that they are monosyllabic; they have nersf 
grown out of that original stage in which, as we hav*' af*cn, IiKlo-Enropf>an 
epeecli also had its beginning. Their words are still roots, of indeterminate 
logical i'orm ; they are made parts of speech only by the consenting apprehen* 
sion <^ speaker and hearer, guided by their order and by the general require 
mentti of the sense. Bnt wmle the different languages of the class agree In 
genand morphological character, they show great diversity in material, and the 
nature and (Icn^n'f of their relationship ia very ohj^cure. The Cliine^ie is infi- 
nitely the nio^t important a»non<jr tliem. its abundant literature goes back even 
into the second thoui?aud years before Christ. It has only about 4.50 different 
phonetic combinations in its vocabulary ; which, however, by change in the 
teae of utterance, are made into rather more than twice that number S£ distinet 
mnhk Yet this scanty apparatus, by the power which the mind has oFer its 
iiMtroment, has been the means of expression of far higher, profounder, and 
raore varied thought, than the majority of highly orj^anized dialects spoken 
among men. China has been the mother of culture to the race^ lyin*^ south, 
east, and we£t of her territory : the rest of the world siie has affected mainly 
through the products of her ingenuity and industry. 

t> (Chiose who speak the Malay-Polynesian languages fill all the islands, from 
lIltt^eoaBt of Asia somhv. ard and eastward, from Madagsscar to the Sandwich 

group, from Ne>v Zealanil to Formosa. Only the jne-^ent fpok'n flialects are 
known, and most of those but very imperfectly, ao tliat their groupings and 
de«p*ees of relationship are little understood : tiiere may prove to be more than 
one distinct family among them. Then: phonetic form is of the simplest kind. 
Their roots are prevailingly dissyllabic in form* and of nominal rather than ver- 
bal meaning. Reduplication is a common mode of their development; the test 
IB accomplished more by prefixes than suffixes. Anything that can properly 
be called a ycrbal form i.'^ hardly to ho foond. in most of the dialects; mood* 
leasee, number, irender, ca.<e, arc \\ .iiiti ujLC. 

^.Tbe oldest dut^d monuments ot ancient culture, the oldest written records, 
an Ibund in the valley of the Nile. The earliest form of Egyptian speech is 
pfeserved on tables of stone and rolls of papyrus held by dead hands ; a later, 
the Coptic, 11 1- I Christian literature of the first centuries after Christ, but the 
Coptic also has been extinct now for more than two CMltunes. It was of the 
simplest structure ; its monosyllabic roots bad value as verbs and as nouns, 
and only primary derivaiives were form^ from them : nor were its suffixes, 
Inr the most part, more doaely attached than those of the Scythian fiunily. 
In some of its constructions it was as bald as the Chinese, and even more am- 
biguous. It agrees with the Indo-European and Semitic languages in distin- 
g;ui-bin;r prt'uder in its forms ; no other Innnnn langna^:^ rlo thi.s. There are 
sfiparent signs of relationship between ii^gyptiaa and Semitic wluchiead many 
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leholan ta fitwtrin the codideiit opfauon thai the two deaeend horn • eon* 
moil anoeetor; thk, however, is as vf t by no means to be xegardcd as certain. 

Many of the tongues of Northern Afi ion, and the Hottentot and Bushman, in 
South Africn. nre also asserted to cxliibit ?v;^n5 of an ultimate connexion with 
Kgyptiaii. Excepting those dialects wliicb are either clearly Semitic, or 
claimed to he of kindred with Semitic or Egyptiiiu, Afriai i^ tilled with a 
great Tariety of tongues, forming a distinct fiunUy. 'They are, in a certain 
way, rich in fonns, and liave some striking and peculiar traits. The nee of 
prrformativea characterizes them ; a root never appears without a prefix of 
some kind, and thn prefixes are %'aried to accord wifh that of the OCMaMnant 
word iu the etfUlence, produciug a kind of Byntaclicai alliteration. 

There remains for consideration, of the great funilies of human speech, only 
that one which occnpies the Amerfean eontinent. It is too vast mmI Tailed to 
he dealt with here in any detail. Isolation of commnnities and the consegnent 
indefinite poparation into dialects have been carried in America to an extreme. 
Moreover, there iji a peculiar changeableness of material, hard to explain and 
account lur, which causes that two branches of a tribe which have been op- 
erated but a brief time speak languages which are mutually unintelligible, 
and of which it is even hard to trace the lelationshtp. Bnt it is beUeved that 
a fondamental unity lies at the base of all the infinite variety of Anaican 
dialect?, from the Arctic Circle to Cape Horn ; whatever their difiereuces of - 
materi ;!. th^ ]? a «inf^lc ty[>e or plan on which their forms are developed and 
their con.-iiuctiuuii made. 1 i i.- called the incorporative, or polypynlhetic. It 
tends to the aggregation of the parl«i of the seuteuce into oue great word ; to 
the snhstitation of an intrieate compound for the phrase with its separated and 
balanced numbers. 

X ) linj;uit*tic evidence of any real value has yet been adduced going to show 
the aliiiiity of American with Asiatic language, nor has the time yet come for 
a truitful dibcucsiou of the question. To make a bare and immediate comp:iri- 
8on of the modem dialects of the two coutiueutt^ is altogether futile. \V hen 
the comparative philology of the separate fiunilies is foJAy worked ont, from 
the collation and analysis of all attainable m itenal in each, if we shall find 
ourselves in a position to judge and decide the question of Asiatic derivation, 
we AinW have reason to rejoire at it. What we have to do at present is sim- 
ply to learu all that we (lo.-.Hibly can about the aboriginal languages of this 
continent; our national houor aud duty are peculiarly coucerued iu the work, 
toward which, with too nrach reas<NB, European scholars acease ns of indifier- 
eoce and inefficiency. The Smithsonian Institution has recently taken up the 
subject, under special advantages and with laudable seal, and all Americana 
should countenance an<l assist its efforts by every mean?« in their power. 

Before closing thi.-* cursory and imperfect review of the jrreai families of ho- 
mau l«u]|^u.>^. , wc should glauce at oue or two isolated languages or gruupi», 
luthcrto nnciaseified. One of the most noteworthy is the Basque, spoken on 
the bordc i > of France and Spain by the tepresentatives of the ancient Ibesi- 
nnp, anrl ])erlinps the scanty relic of a race earlier than the irruptions of the 
Scythian anci 1 ndo-Kuropenn tribes Another is the Etruscan, of Italy, saved 
in f^caiity inscrijitious, which otVer an unsolved and probably inpolnble problem 
to the liii^uLsiic studeut. iu {he Caucar^iun mouutains, again, appears a little 
knot of idioais whuih have defied the elbrts of sehohMS to connect them witib 
o^MT known forms of speech. Each family has, as may be seen even from 
our ha.sty .sket< h, its own peculiar characteristics, which distinguish it from 
ever',' py •^nelt -weepings cla«?ifications of tliem as into monosvllnbic 

and polvt^yllabic, luio ic l.Ltine', ag-glutiiiative, and in li- etional, or the like, iittie 
or iiuLhuug id gained. Ti ue ciaa^iiicatiou must be touuded on a consideration 
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of &e whole complicate structure of the languagee classified ; it must, above 
aU, be historical, holding tosother, and apart from otheiBt those groups whieh 
give eridenee of genetic denration from a common original. 



On rpvif'winp; this division of the fnmilies of languap'o. finyonr will be struck 
by its Don-agrcrment with the divisions based on physical characteristics. Thin 
brings up the important q^uestion as to the comparative value of linguistic and 
physical evidence of race. A reconciliation of their seeming discordance must 
DO sought and finally fonnd, fbr the naturalist and linguist are both trying to 
work ont the same problem — the actual genealogical history of hnman race^-> 
and thry cannot difrogard eacli other's rcMiltH. Thrir harmonious agreement 
can ouly be iho result of tho greatly advaiic* !! ntirl perfected methods and con- 
clusions of both. Nothing more can be attempted here than to note certain 
general considerations bearing upon the subject. 

Ib the first place, hmguage is no certain evidenee of descent. As was shown 
in the first lecture, language is not inherited, but learned, and often firom 
teachers of other blood than the learner. Nor does mixture of language prove 
mixture of race. The Latin part of our vocabulary was bronght ii? by men of 
Grermanic descent, who learned it from Celts and Oennans, and ihoy from a 
mixed mass of Italians. These defects of liuguititic evidence have always to 
he botne in mind by those who are drawing conclusions in linguistic ethnology. 
Bvt their effect must not be exaggerated ; nor mun it be overlooked that physi- 
cal evidence has quite as important defects. The kind and amount of modifi* 
cation wbicb external circumstances can introduce into a race-type ia a? yet 
undeterniiiM d. Many eminent naturalists are not imwilling to nUnw tlsat all 
existing diilereuces among men may be tbccfiect of processes of variuiiou, and that 
the hypothesis of different origins is at least unnecessary. Hence, as a race 
may change its language, and not its physical type, it may also do the con* 
traiy. Language may retain traces of mixture tmdiscoverablc otherwise. Lan- 
guage may more readily nnd surely than physiology distingui.sh mixed from 
transitional types. In many n'yp<'ct8 linguistic evidence has a gn atiy Bupcrior 
practical value ; differeiiccii of language are much the more easily apj)rehended, 
described, and recorded. Individual differences, often obscuring raec-dilTerencet* 
of a physical eharactei, disappear in language. Testimony coming down from 
nmote times is much more accessible and authenticable in language. Discord 
between the two, or question as to relative rank, there is none, or ought to be 
none. Both nn* equally legitimate and Tiecesnary mnfloH of approaching the 
solution of the ^;:iine ditlicult and, in it^ details, insoluble problem, man'.s origin 
and history. Kacii iias its notable limiiaiious, and needs ail the aid it can get 
from Uie other and from recofded hist<Mry to supply its defects and control its 
eonclnsions. But the part which language has to perform in constructing the 
ethnological histoiy of the race must oc much the greater. In laying down 
grand outlines, in settling ultimate qncBtionp. the authority of physiology may 
be puperior; but the filling up of detalK-^, and the conversion of a barren classi- 
fication into a history, must be mliinly accomplished by liuguij^tic .science. 

Another important qaestion is, what has the stndy ofTlanguage to say re- 
specting the unity of the human race t This question can uready be pretty 
confidently answered, but the answer must be a negative one only. ' Linguistic 
science can never hope to give any authoritative decision upon the subject. To 
show that it can never pretend to prove tin? ultimate variety of liuman races in 
very ea.«y. It regards language as something which has grown by degrees out 
of scanty rudiments. It cannot assume that these rudiments were produced 
by any other agency than that which made their after combinations. It cannot 
say how long a time may have been occupied in the formation of roots, or how 
long the monosyllabic stage may have lifted ; and it most confess it altogetbei 
8 8 
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poBsible tbat an original human race should hare fle|»arated into tribes befora 

the formation of any language bo distinctly developed, and of such fixed foiiDS» 
as should leave traceable fragments in the later dialects of the sundered por- 
tions. Amonfj^ rill tlio vnrietiots of human Bpcocli there are no differences Wnich 
arc not fully explainable upon the hypothr?^is of unity of deecent. 

That the linguistic student also cannot bear positive testimony in favor of 
Buch descent is equally demon&trable» although not by bo direct an argument. 
There is here no theoretic impediment in the waj» but a praetical one. It nug^t 
be hoped that traces of an original unity would be discoverable in all parts of 
human language; only examination could show that such is not the caFo. But 
investigation, however incomplete, has already gone far enough to leave no 
rea8i»ual>le expectation of making the ditscovery. 

The processes of linguistic change alter the constituent parts of language iu 
every manner and to every degree, producing not only utter difference oetweea 
woruB which were originally one, but also apparent correspondence between 
those which are radically unconnected. There are no two languages on the 
face of the earth between which a diligent "enrch may not bring to light repem- 
blances which arc easily proved by a little historical ^^tudy to be no t=ignt? of rela- 
tionship, but only the result of accident. Now, the more remote the time of sepa- 
ration of two related languages, the more numerous will he thdr differences* the 
more scanty their resemblances ; hence, the more ambiguous will be the indiea* 
tions of their connexion; until finally a point is reached where it is impossible 
to drcif]r v liethrr apparent coincidences which -vvo discover are genuine, or only 
acciilenral, and evidence of nothing; and, in the comparison of langtiagcF, that 
point is actually reached. When we come to hold together the forms of speech 
belonging to difierent families, the evidence fails us. It is no longer of force to 
prove anything to our satisfaction. The families are eomposed of such lan- 
guages as can be seen to have grown together out of the radical Stage. If there 
is community between them, it must lie in their roots alone; and to give the 
comparison this tbrm is virtually to abandon it m hopeless. To trace out the 
roots of any family, iu their ultimate form and primitive signification, is a Ui^k 
of the very gravest ditliculty. l?y the help of the great variety and an- 
tiquity of its cnalectB, and especially by the Sanscrit, the task can be somewhat 
satisfactorily accomplished for the Indo-£nropean tongue; but the Semitic 
roots, as already explained, arc of the most perplexingly developed form. Radi- 
cal corref»pondonccf« among the great brMncnes of the Scythian family are hardly 
sutbcient to prove the ultimate relalionship of those branches ; and to hope that, 
in the blind confusion of Malay, African, and American dialects, linguistic 
analysis wiU ever arrive at a confident recognition of their primitive germs, is 
altogether futile. Accidental correspondences are, if anything, more likely to a]> 
pear auiong roots Uian in the foi-ms of develo])ed speech. Authorities are mnch 
divided upon the question whether the Indo-Knropean and Semitic families are 
proved connected, with a dtcid( d pr( poiuierance of the best and safest opinion.^ 
on the negative side. If it may possibly be hoped that their connexion will 
jet be established, with the help of evidence coming from outside of language, 
the Bame hope cannot be entertained as to the connexion of either of these with 
any other family, and yet Icfs m to the inter-connexion of all the families. 

We come, finally, to consider the origin of language. We may claim that 
the proVdcm has been greatly pimplified l»y what has already been proved as to 
th( lli^t«l^y of speech. Did we liud the latter everywhere and always a cum- 
pk tely developed aud complicated apparatus, we might be tempted to despair of 
explaining its origin otherwise than by the simple hypothesis of a miraculoue 
agency. But wc have seen that the wealth of the noblest tongues comes by 
slow accumulation ficom an early poverty. We have only to satisfy ourselves how 
men should have become possessed, at first, of the ,«canty and huuiblf «_'(•! ms of 
huiguage. Aud, in the tii-st place, there is no reason for supposing them 
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^neratcd by any oflier agency than that which is active in their after comhi- 
aation and devciopmont; namely, by the conscious exertion of man's natural 
powers* by his osc of the faculties couferred upon him for the satijiifactiou of liiu 
necessities ImpUuited in htm. In this way, and in no other, is hinguage a di- 
Tine gift. It is divine in the sense that man's nature, with all its capacities and 
acquirements, is a divine creation. It is hnnuuiy in that it is a prodact of that 
natiir*^, in it8 normal working. 

It is Iiighiy important that we make clear to ourselves wliat is the directly 
mpeilmg force to the production of language. It is not any internal and 
neeessary Impnlse tp expression on the iMut of thought itselfi slthongh this is 
Tery often maintained ; it is the desire or communication. One man alone would 
never form a language. Two children could not grow up togothor without ac- 
Quiring gome means of exchange of thought. Language is not thought, nor 
tnonght language ; nori^ there a mysterious and indissoluble connexion between 
the two, so that we cannot conceive of the existence of the one apart from the 
Other. 'Bnt thought would he awkward, feeble, and indistinety without the 
working apparatus afforded it in language. The mind, deprived of snch an in- 
Btrnmcnt, would be, as it were, lamed and paJ.^ied. The popBesBion of idea?, 
cognition**, reasoninir-. deductions, imiigiuing?, hopen, cannot be denied to the 
deaf and dumb, even when untaught any substitute for t^pokcu language ; nor, 
indeed, even to the lower animals, in greatly inferior and greatly varying degree. 
Thought is anterior to language and independent of it It does not require ex* 
pression in order to be thought. The incalculable advant-ago which it derives 
irom its command of t»peech, though a necessary imidication in tin; gift of 
speech to man, conies incidentally. Rowing out of that communication which 
man must and wdl have with his leiiow. A word, then, is not a thought ; it 
is the sign of thought, arbitrarily selected and conventionally agreed unon. 
It is the fiushion to cry down the use of the word conventional as apnlioa to 
language ; but, rightly understood, it precisely expresses the fact. It does not 
imply the holding of a convention and formal discuj^.-^ion, but the acceptance and 
adoption into u?e, on the ji irt of a community, of something proposed by an in- 
dividual i and in no otiier way, as has been shown above, does anything in 
language originate; nor did it, back to the very beginning. Every root-syllable 
was first used in its peculiar sense by some one, and becaone language by the 
assent of others. 

Thcife considerations relieve the remaining part of onr problem of much of its 
difficulty. Under the outward impulse to communication, thought tends irre- 
sistibly toward expression: it will have expression, and, were it destitute of 
.articulate spet^ch, it would have sought and foimd other means — ^gestures, atti- 
tudes, looks, written signs, any or all of these. But the voice was the appointed 
and provided means of supplying this great want, and no race of men, accord* 
ingly, is found unprovided with articulate speech. It remains to inquire how 
men should have discovered what the voice was meant for, and have applied it 
to its proper use. Several theories have been proposed in explanation of this. 
One, the onomatopoetic, supposes that the first names of objects and acts were 
generated by imitation of tne cries of animals and the noises of dead nature; 
another, the inteijectional, regards the natural sounds which we utter when in 
a state of excited feelin;^;, our exclamations, as the be<^inning8 of sp^ c cli ; nnothr r 
compares man's utterance wiili the rinf^ing of natural substances when struck, 
and holds that man has an instinctive faculty for giving expression to the 
rational conceptions of his mind. The last of these is believed to be destitute 
of all value, as grounded in unsound theory, and supported by nothing in our 
experience or observation. The other two are so far true that it must be granted 
that exclamations and imitated t^ounds helped men to realize that they had in 
their voices that which was capable of being applied to express the movements 
of their spirits. But the study of language brings to light no iuterjcctional 
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rooU i and onomatopoetic once, although sometimefl met with« are rare, at lemt 
in tiie better knowii flanilieg of language, and in great part of kte fonnatiiiii. 
Evidence does not show, and theory does not require, that die aotnal beginnings 

of ppcech Bhould have been of cither charMctcr. The process of root-making 
waA in much the greatest part a frrr anrl arbitrary one ; it waa, we may with 
especial propriety call it, a tentative process, a devisal and experimental pro- 
posal of signs, to be thenceforth associated by a community with concepUous 
wlddi piemed for repreaentatiOQ. Objective and abeolnte connexion betireen 
iOOBd and lenae there was none, except in words of onomatopoetic formation ; 
of a subjective connexion, a gliding analogy, wc do catch occasional glimpses, 
or sforn to catch tliem; they are too subtle and evanescent to be believed in 
with coutidence, uor have we ground for suspecting their wide occurrence. 
There is thus enough of obscurity, of uncertainty, resting upon the sliest pe- 
riod of linguistic growth ; but of mystery, hardly anv ; the proceia ia not beyond 
ovr ken, uthongn its details are out of our knowleoge. 

Of all animals, man \s the only one that has proved himeelf capable of origi- 
nating a language. For this, the general reason, that man's endowments are 
vastly higher than those of the inferior races, is the best that can be given. 
When philosophers shall have determined precisely wherein lies man's supe- 
riori^t they wiil at the same time have explained his ezdoaive possession of 
speedi. It, however, it were necessary to say in what mode of action Uy that 
ocficicncy of power in the lower animals which, more than any other, put lan- 
guage out of their reach, we ishould incline to maintain that it wan the power of 
distinct reflection on the facts of cousciousoess ; of analyzing impressions, and 
siting their parts so clearly before the internal sense as to perceive that e^h 
to capable of a distinct sign. Many animals come so near to a oapadQr for Ian- 
gnage as to be able to understand and be directed by it, whenaddresBcd to them 
by man ; nor is their condition without analop'y with that of very young chil- 
dren, who??' power of comprehending language is developed much earlier and 
more rapidly than their power of employing it. It may well be questioned 
whether, as regards capacity for speech, the distance from the unimpressible 
•ystor, for instancci to ue mtelligent dog, is not vastly greater fSbaa tut firoB 
tbn dsg to the lowest and least cutivalile nees of men. 
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BY M. ELIE DS BSAUlfONT, 
nmoAL aGBBrAKT ar was nuoicii acmbwms or Mmcn. 



nUHBLATED FOB THE SKITBSOHUV INSTITVnOM BT G. A. ALBZAVOBfe. 



To this Academy no species of scientific renown is alien ; and if such men as 
Ib "Pirovue, d'£ntreea8teaaz» Bandin* Bainoiit d*UmUe, have disappeared 
ftom the 8ta^ of the world without having been numbered in its ranks, it wea 
beeanse an mauspicionn dojstiny arro^tcd their carper. Their place here was 
already marked. To have obtained it wouUl have been to thorn, next to the 
ConscionsneFB of duty fulfilled, the hip^hest of gratifications. To yon, gentle- 
men» the privilege of crowuiug their memorable labors by your buiirages would 
haye been a subject of the most Jnst self-oongratnlation. Those labors death, 
wMdi has snatched away their authors, has not withdrawn from your domain. 
It is still grateful to yon to extol them, and your committee has eonenrred with 
mo in thhikhi^ that I could prefer no better clrtim to yonr fftVor;ible attention 
than by attempting to retrace, on this occasion, the life of a colleague who knew 
how to obtain and to justify all yonr sympathies, and whose name invariably 
recalls those of the heroes of hydrography we have named, of whom he was, 
with better fertanes and not less daring, the companion, the rival, or the master. 

Charles-Francois Beautomps-Beaopn! was bora August 6, 1766, at Neuville 
an Pont, a villap^c situated one leag^ue north of ^Sainte Menehold, in that part 
of Champagne which now formf the department of the Manie. His father was 
an unpretending tiller of the soil, and the young Fran<;ois, who t*oemed destined 
to cultivate, in his turn, the rather prosaic fields of that worthy country, passed 
his first years in jonthfiil sports on the pleasant hills which, branehmg from 
the Argonne, agreeably diversify the banks of the Akne. His constitution, 
natiurally robust, and strengthened by country exeixise, received on one occa- 
sion a severe shock. While heedlessly playing with the rope of the parochial 
bell he fell with violence, and .unstained such injuries of the head as to make 
trepanning neccssarv. The operation was no doubt skilfully performed, for 
the young suiBTerer neeame, with advancing years, a man of tall stature, of a 
noble and expressive mien, and retained, for nearly eighty years, the use of the 
exalted Acuities which won him a place in this assemblage. I have not been 
able to recover the name of the modc^^t provincial surgeon to whom, under 
Providence, our colleague was indebted for life and intelligence, and who. pcr- 
hapf>, never knew the full value of the head he had been iustrumeutal in re- 
t-to ring. 

H. ^eautemps-Beauprd passed, indeed, only the years of childhood at his 

native village. Among hid relations was an eminent geographer, M. Jean Nico- 
las Buache, the head of a geographical establishment derived 1 v c ollateral in- 
heritance from the family of Deli?le — a fiiuily wholly devoted to science, and 
known, tlir<>nn-)i more than a century, for its connexion with almost every pub- 
lication reiutiug to geography, astronomy, and the marine. M. Buache, visi^ 
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ing Neuville au Tout about the year 1776, wad struck with the intelligent conn- 
tenanoe of hia young relative. He was pleased at the idea of aaaodatmg with 

hfanself a doeile mteUigencc which might be train^ to the coodticl of die patri- 
monial business, and readily induced the little Beaaprd to accompanj him to 
Paris. Tlii!^ tlic latter found himself i3i?=^t:tllcd. at tho a«^e of tfn year?*, in the 
midst of tilt' iieriHlitary traditions of a house which had become, in pome gort, 
the focus oi' geographical ^tuUies. He was charged with the arrangement and 
pieaenration of tboee charta, atlaaea, and globes with whidi we bare meet of us 
Doen occupied at some period of our lives. To thb labor, whidb would hare 
repeUed the generality of young pereons, he gave himf*t If with nnbounded de- 
votion. He lived among his dear maps, assorting, ndju.-jting, stiuh in <^ t!ipm: 
hence he wa.x not hjiijir in masterinf^ all that waf i!ece«*8ary for undertstandin;! 
tUem. liiti vocaiiou btood revealed to him; uur, with such innate tastes, could 
bis eventual acoeesion to this Academy be a matter of 'doubt, provided that for 
btm, iiho, the condition atipulated in the distich of La Fontaine sbonld be 
realised: 



**Iattk) fitih to lare^ will gruw. 
If Qod shaU only life bntow. 



M. Boache, gratified at the manifeatation of bo happy « tam» aiforded every 
fiftcility in bis power for its development. 

The attention of this learned ographer was by no means confined to the 
commerce of his establishment. Ue had assisted in the education of the three 
princ< ■» who became, successively, Lonin XVI, Louis XVIII, and Charles X, 
aud maintained with the £urot of these mouarchs, himself a distinguished geog- 
rapher, relationa of confidence founded on a similaritv of tastes and stpdiea. It 
Is to he presumed that he contributed mnch towards shaping the views of the 
excellent King in relation to the expedition of la Pcrouse, and h< in<; introatedi 
jointly with M. Fleurieti. with the preparation of instruction.s lor the voyapre — 
instructions stronfxly impic-^tied witli the bcuevoleut spirit of Louis X\"i — it 
became necessary lor him to execute iu the short space of three mouths a nu- 
melons aeries of charta. Natnrallj be turned for aasistance in thia labor to bis 
yoniig coadjutor, with whose talent for this species of design he had been so 
much delighted; and« quite ai naturally, the youthful enthusiast, in whom 
there was much more than the material for a draughtsman prrw enamored, 
as he proceeded, not only of tlie chart.s hut of the exped i ii n, ;i!id r!y 
pressed to be allowed to embark ou one of the frigutes). ]iup|nly lur himself 
and for science, H. Bnache decided that, at the age of eighteen, there was yet 
too much for bim to leam ^o make it advisable that he should engage in such 
an enterpriae, and thus prevented his taking part in that fittal expedition from 
which no one wa- d« -tined ever to return. 

The young lieuupre liad not, howev< r, escaped the notice of M. de Fleurieu, 
aud woa transferred as engineer in 17ba from the department of the Marine, iu 
wbfeb be bad heretofore served under the orders of H. Boache, to that of the 
Controls, where, in immediate subordination to ^I. de rieurieu, be was required 
to assist in the exeeation of the charts of the Baltic JS'eptune. 

Meanwhile the expedition commanded by la IVrotiHe had t^aih d from l^rt -t, 
August 1, ITS.'j. After havinpr traverml the coast.- of the I'aciiic ocean in all 
directions, and moored in the harbor of Lotany Bay, it had again put to sea, 
March 10, 1788, in order to prosecute the route nmrked in its inatmctiona. 
JVom thai time nothing bad been beard of it, and apprehensions for ita aafetj 
b^an to be entertained which were unhappily too w( 11 fuiiuh d. 

Thn Nationrd A>«emhly h^v inar jietitioned the King to dt >j>ati h arim d ve.«- 
iels iu search of the di;*tin;j:uifihcd navigalor. two new frigates, lu llif J^rihe 
aud V Espp-anc€t were designated to sail, uuder the orders of Kear-Admiiul 
Brony d'kntvecaateaux, upon thia laudable mission; and Ibis time M. Bean- 
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temps-Beaupre obtained the favor of accompanying the expedition. lie w:is 
assi^cd, July 31, 1791, under the title of Erst hydrograpUical engineer, to 
the frigate la Re^/erehut eomniaiided by the admiral in pereon, and reported 
bbuaelf at Brest, whither Ke had repaired in company with M. de la Billardiere» 
t!ie botanist of the expedition, and destined hlmseu also to become a member 
of this Academy. 

The two vessels sailed September 29, ivui, at which time lieaupre was 
twenty-five years of age. By his labors during six years in the compilation 
of the Ne/rtmme of tke Baltic Ma, he had thus early beeome an experienced 

chartographer, and the expedition now departing^ offered the happiest occasion 
for the application of hi.-; talrntf» in tlii.s line; lor tlir admiral, Ix ing about to 
explore with great minutcnc:>s all tin- coasts where iraccf* of la Perouse might 
be expected to be found, had received oriitra to determine at the same time their 
hydrograuhy with all possible compactness. 

After having doubled the Cape of Grood Hope, the expedition passed in 
U|^t of the isle of Amsterdam, coasted at a distance the southern chores of 
Now Holland, and came to anchor towards the southeast point of Van Die- 
men's Laud, at the then desert entrance (;i the river on which now .>siands the 
city of Hobarttown. It next penetrated into the Pacific ocean, followed the 
western coast of New Caledonia and the northern of New Guinea, passed to 
the northwest of Amboyna and Timor, to the west of Kew Holland, explored 
in detail the south coast of that vaat region, and, after having thus made its 
entire circuit, again cast anchor, January 21, 1793, in the soutii part of Van 
Diemen's Land. 

Having completed, during the finest mouth of the austral summer, import- 
ant hydrographical labors commenced the previous year, and particularly the 
survey of the straits of d*£ntrecasteaux, which separate the isle of *Bruny from 

the main land, the expedition again sailed, February 27, and passed anew into 
the wide Pacific. Directing its* course towards all the points where la Perouse 
could supposed to have touched or to have been driven, after his departure 
frum Luuxiy iiay five years before, the expedition visited Tou^ataboo, one of 
the Friendly islands, Mid once more shaped its course towards New Caledonia, 
which was now reached from the northwest. Some idea of the incidents and 
perils of these courses may be conveyed by a few passages of llu; admli d*8 
narrative: "On the eve of our arrival at New Calrdonia, April 17, 17'JJ. it 
blew a hard gale; the atuui?'j)hen' was thick, but not bO dark as to induce me 
to lose a night oflf the Cd^Hi. 1 ga\ u orders to proceed under easy sail. About 
three in the morning it grew very dark, and tLj cries of numerous burds were 
heard near the fingate, an almost certain indication at that hour, of the neighbor- 
hood of land. Although day was not far off', M. Merite, officer of the watch, 
prudently decided to bring' to, and scarcidy had objects become distinguishable, 
when a low coast ])re:ri'nled ilselt" to v'lvw ; an in:?tant after it was discovered 
to be surrounded with breakers on which we hliould certainly have struck but 
for the precaution just mentioned ; for we had been making two leagues an 
hour under topsails alone, closely reefed. This dangerous ledge was recon- 
noitred, and a special draught of it carefully executed. Its length from north 
to pouth is from nine to eleven miles, and its breadth, east and west, sf•^^•n to 
ei{;ht. We saw to the east of this reef two ^nlall W(»oded islands, with a third 
larger midway between them: these we have named the Bcuu^rt Ulunds.^'^ 



"The cljiims of M. l?cautcnips-B(Utij)n': to a distinction of tMs kliul wire iinidontuUy 
recognized by tho distiDguisIittU and lamented ex;|)lorer. Sir Julm irankiin. iicing ou a viait 
to Paris, just bcfurc bis departoro on the expcditmu which was destined to so fatal a rodnilt, 
he calli ' ' Ti M. Bcautenipg-l^rnniirt', and, >^j>f akin"; of Vuu Diemeu's Ljtnd, nf uLidi Sii 
Jolm hmi L>eeo governor, learned from the lips of our colleaeuo thut the latter had been the 
fint espfaxrer of the site on which now liaes Hobarttown, t£e capital of the bland. " How 
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Whuu ht.H name was tbas conferred, M. Bcaatemj^Beauprd bad been daily 
pioMenting his labors fbr more than twenty montlia unoer the eyes of tiM 
admiral and his officers, and the testimonial may, thereftwer be legatded as the 
more deliberate and honorable. 

••The same day," continues the admiral, **at !Kiir after 1 o'clock, wo dcgcriftl 
New Caledonia, and in two hours were a mile distant from the reef on the eastern 
coast of this great island, which seemed to be bordered by it, as the western 
coast had been ascertained to be in 1792. • • • • As the entrance of 
the harbor of Balade, whore I proposed to come to anehor* was only marked by 
an intermption of the reef whicn borders the coast, we followed this reef closely 
in order not to miss the opening. We reached the pass by 2 o'clock, and a 
favorable tack ^nve us hopo- of gaining the anchorage, when it was signaUed 
that the other frij:;ato, I' Es/nrance, had Ptruck." 

Happily the imperilled vessel was safely extricated, and the two frigates finally 
east anchor very nearly at the spot where Captain Cook had done in 1774. 

"The natnralists of the expedition repaired, April 25, to the neighbetill^ 
mountains, and M. Beauprd ascended with them in hopes of discovering the 
reefs with which the channels of Balade am bestrown, and of fixing their position. 
The sea was discernible to the east, west, and north, and the isles of Balabra, 
Reconnaissance, and many other points which had been entered in the maps 
of 1792 were recognized. The positions of these were determined by M. 
Beanpr^ with reference to the obeenratory of Balade, with the view of con* 
necting the trigonometrical operations of this year with those of the precedinff 
one. From the toj) of the?c mountains thf ^In-lf which borders the other side 
of Ne\v < (Ionia was perceived, and an iaterruution diatingui^lied, which, after 
renewed <Jbser^ atious, seemed to correspond with that discovered tho prcviood 
year in visiting the western coast." 

The expedition left the roads of Balade May 9, 1793, and soon after eneomi- 
tered the dang^us reefs which stretch to the NW. of New Caledonia; the^ 
having been examined but imperfi ctly by Cook, have received the name of the 
reefs of d' Enfrerasteaux. Twice, at the break of day, were the shipf of the 
last-named navigator found to have so closely approached this barrier, that 
there was barely room for the evolution by which they were extricated. Direct- 
ing his course northeastwardly towards the island of Santa Cms, the admiial 
gave the name of la Recherche to an island in the vicinity of the former, whose 
latitude and longitude were determined to be, within but a few minutes, 11° 40* 
south, and 104'^ 25' eaf»t. During the numerous* courses made by the vessels 
in the nrcliipelago of Santa M. Beantemjys-Beaupre, fivored by fine 

weather, succeeded in fixing the position of a multitude of points, as well OH 
the principal island as its accessories. 

According to the method which he had adopted for makung his obserratiotta, 
and which has since become of general use, he first made at each station a 
draught of the coaft. in which he indicated l)y letter;? or numbers not only the 
mn^t remarkaitle ohjectf*. but wrote the measures of the anj^les ob«*er\ od, tho 
bearings <d the points with respect to one another, the estimate of distance^, 
The draughts, on which were to bo written the results of the observations made 

much do I iperet," exclaimed bir John, that I was ignorant of the circumstance ! 1 aheiUd 
have bestow^ yonr name on the finest portion of the city." 

Cnptain Fliiulere, wIk>. in lr^>I-18(.>:i, condtictcd an expoUition "for the pnrpose of cotn- 
plotinp the discoverv of tbat vast couiitiy" to which he gave tho name of Ttrra AustrtUks, 
vtfclujfwards diangt^ to Anstmliu,) and who pnblii^hed an account of his voyage iu two 4tu. 
volutneH, uccompauied by un ailtu?, lu ais tcstiinouy, as well in notes eu^ravctl upon the maps 
as in passages of the text, to the aucuracj* uf tho hibors of our colleaf^ue. Iu the introduction 
to the work it is said : *'Tho cliarts of tho bays, ports, and anns ot the sea at tho southeast 
end of Van Diemen's I>and, coustntctcd iu this expedition by M. Ik<auteuips-Beaapr6 UmI 
asAiHtantfl, appear to conibiue si ieutific accurncy and minuteuess of detail, with an nncom- 
moD degree of ucatue^is in the execatiou. They contain sutuo of the tincst speciuieu^ ut 
marioe •anrejiag» perhapsi ever made in a new oonnliy.'* 
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on board, could not be taken witL too much rapiditr, for it was necessary that 
tbe ship ghould not materially cbaneo its place during the time of the opera- 
tion. The principal opcratiooB which serve aa a foiui(ktion for the charts con- 
itnicled by M. Beaiipri§ are Buch w were ezoeated either at midday* or eimvl- 
tiiieouBly with the observatioiiB of hotaiy angles ; that is to say* at such times 
of each day as the position of the vessel was determined by astronomical ob- 
servations and the chronometer. On those occasions he assomhled firouud him 
the ^rpatcst possible number of observers, and lie liad found or turraed a great 
many among the officers of the frigate. Just one mmule before taking the 
dbeenrationB he made a eketdi of the coast mider view, beginning with thoee 
parfeB of it which, being most remote* would undergo least change of ondinfe by 
leaacm of tbe movement of tbe ship ; then, precisely at the moment when the 
astronomical observations were taken, be measured the angular distance be- 
tween the object which he bad designated to bis assistants as the point of de- 
parture and one of the remarkable places of the coast, while each of the as- 
eiBtanta measiured the angular distanee of the same point of depaitnxe from one 
of the other objects embraced in the snnrey. The results of these aimultaneoos 
observations were afterwards tranBfened to the eketch which had been made 
of thv outline of tbe land. All the angular measures were taken with Barda*t 
rtpeadnif circle. 

When the sun was not too high above the horizon, one of the observers 
measured the distance of that body from one of the remarkable points of the 
coast ; by means of the heights of the sun obsenred at the same moment by 
IC. dc Rossel, and from tile distance measured, M. Beauprd obtained the astrVK 
nomical bearing of that point, whence he deduced the bewuring of all the pc^ti 
between wliich angles had been taken. 

Two coni[)ai-f-t'd were always directed, during the observations, on the place 
chosen as a point of departure for the angles, and the mean of the bearings 
given by those instruments was tranecribed in the collection of notes, and this 
whether an astronomical bearing had been obtained or not. In the first case €t» 
magnetic indication served to show the variation of the needle, and in the second 
tf) -•7iy>ply, though imperfoctly. the ahsonce of an astronomical observation. If 
eiriuuistanees, whicli. however, occurred but rarely, prevented tlie co-operation 
of a Huthcicut number of observers to take simultaneously the augkd of all the 
remarkable points necessary to be detennined, M. Beuunru arranged several 
circles of reflection, so that each observer might promptly take two or three 
angles, without being obliged to write tbem on the spot; and these observations, 
made with a i*a])idity proportionate to the rxportncss of the observer, were 
found to agree almost as exactly as those made simultaneously. 

M. B<'au})re, who drew the chart with as much facility as exactness, found a 
marked advantage in embudyiug the results observed as promptly as possible, 
for he had then all the circnmetances of the observations present to his nrind. 
It was not seldom that he was enabled in this way to detert and remedy inad- 
votracies committed in writing the angles measured. Tlie precision of his 
graphic constructions ever rendered it practicable for him to verify, and some- 
times to correct, w ith great probability, the positions of the ship, determined 
several times a day by astronomical observations, combined with the indica- 
tions of chronometers and the estimate of courses. 

l^e means of verification resulted, in part, from the fact that the observsp 
tions of each station gave him a series of visual lines, springing essentially from 
the same point, and forming known angles, ■wTietlier witli one another or -with 
the astrouomic meridian, or at least with the magnetic meridian, itself deter- 
mined by an observation made at nearly the same time. They resulted, more- 
over, from tbe circumstance that all the visual lines directed from different stations 
on the same object, such as a cape or a mountain, must, on the draught, iiteraeet 
one another ajt the representation of that object When, al the first trial, these did 
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not meet, a Berics of approximaUons tendiug to modify in an admiesible d^pne 

the position of the ship at the different Btations sufficed to establish the neces- 
sary junction. Tho approxiinatioiis? in qtiP>tion Tiii<;ht be mado with still more 
rigor by calculation, and ouo of our inoAl bcicutitic hydrographertj, M. de Tessan. 
has even shown that the method of least squares is here applicable but M. 
iSeoopr^ adhered generally to the graphic iiiethod« which he employed with as 
much sagacity as piecisiou. 

The application of \hi< rif^orous mftliod fixes the position of the principal 
points of the chart about to hv constructed, as the tops of mountains, capes, &:c. 
The details, such as the outline of coasts, course of rivers, &.c., are afterwards 
described with such degree of precision as time permits ; and when a sojourn 
of some dnration renders it practicable to add the eoondings taken at sea, aa 
was the case in regard to the straits of d'Entrecasteaux and other parts of the 
coapt? of Van Diemen's Land, tin- poi^itions of the j)oints of pounding' arc fixed 
by reference to the principal jioiuts determined by the bearin<^s, in accordance 
with the methods which will be presently indicated when we arrive at the 
hydrographic surveys of the coastB of France. 

The bo&riogs taken from the 19th to the 23d May, in the archipelago of Santa 
Gi^, enablea li. Beaopr($ to giro a remarkable proof of his skill in applying 
thofp proce?<p?, which were then now. Faithful to Lis mrtliod of constructing, 
day by day, the chart of those parts of coasts which he m oul J not again see, he 
devoted the night of the 2l8t to describing the details of the south coast of the 
island of Santa Cruz ; that of the 22d waa similarly occupied with the north 
coast; and, the shi]>s sailing on the 2dd for the Solomon islands, he applied 
himself, as soon as the laud was loj^t sight of, to the definitive reduction of his 
chart. This, like all the re,-t belonging' to tlic voyage of d'Entrecastoanx, was 
constructed on a scale of three lines lor one minute of the ecpiator ; and as it 
presented, for tho discussion of which wc have been sj^eakiug, nearly all the 
cases to be met with in practice, M. Beauprd has caused it to he engraved in the 
19th plate of the atlas, with all his lines of construction, as an example of his 
manner of operating, and it is here that he has explained his method with de- 
tails at which we have only been able to frivp a enr:*ory frlanro. They may be 
seen in the apjiendix relative to this subject at the end of llie fust volume of 
the voyage of d'Eutrcca^teaux, an appendix which has become tha vade-t/ucuutt 
and, if I may so speak, the caieekitm of the constructors of marine charts. 

In reducing to rule, and in practicing his method, M. Beaupr6 fulfilled the 
most cherished wish of th« scientific hydrographers, who, at the close of the 
eighteenth centur}', employ ed theinselves with the moanj* of pivinrr to nautical 
science all the precision of w liich it is f'liBceptible. Ibirda, after ba\ iiij:; pi, iced 
in the bands of navigators the repeating circle of which they still make 
use, had recommended its employment iu prufereuee to the compass, whic^ 
till then was exclusively relied on for surveys executed at sea. Flurien had 
equally recommended astronomic surveys. For naturalizing these scientific 
procpsac? in the practice of hydrography, it was requisite that some enp:ineer of 
a peculiar aptitude should devote himself with energy and perseverance to the 
application of the new instruments and rigoroui> geometric methods adapted to 
ue accurate measurement of angles. M. Deaupre proved folly equal to this 
honorable mission, and, thanks to his unceasing efforts, the voyage of d'Entre- 
Casteaux inaugurated the opening of a new era — that of precise hydrography. 

Like all other branches of human knowlrd;:e. hydrography has been advanced 
by degrees. After the invention of the cuulpu^s, so far surpaFped nt a later 
Stage h\ new instruments, the discoveries of (Jhrisiopher Columbus and of 
YasGO it Gama gave ideas a wholly new direction. Subsequently the adven- 



* See Voyage tuOmtr du Monde, par U frfgau I'mm, ttmnaadk^ par M. Ahd Dupetit 
Thooais: J'AymfiM, par H* de TesMO, t. ▼., p. 838. 
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turoiip circumnavig^ations of the Magcllans, Mendafias, Drakes, Ta&mans, and 
Dampiera, made known the uriucipal outlinea of the two oceans, but with very 
imperfbet ezietnefls, as may do perodyed from a glance at llie old globes wbi^ 
are BtOl of frequent occurrence in Farb. Tkat, aocordlng to the happy czprea- 
ikm of M. Viliemain, was Ihe heroic age of the navigation of discover jff the 
modern Argonauts went forth in their Fffirrli for the golden fleece with nn nrflnr 
little favorable to systematic exploration, and whieh y»'t did not prevent them 
from overlooking the ricii uunterous depottitu of Cuiitoniia and Australia. 

Towards the middle of the eighteenth century, after Buffon had published his 
NfUtinU Butort/, the taste for yoyages was revived under a foim even then 
much more ecientific. In the eoorse of a few years we see Byron* Gart<'ret, 
Wallis, traverse the Pacitic ocean, and make the tour of the world. Cook is 
sent to Tahiti to ohnf-rve, June 3, 17C0, the passage of Venus over the disc of 
the Mill Ho raakea two other important voyages, and after having traversed 
the I aciiic iu uil directions, and penetrated into the frozen regions of both poles, 
fidls in 1779 beneath the weapons of the natives of the Sandwich islands. Oook 
remains the principal figure and charaeteristie of this period ; but had fitte per- 
mitted the instructions given to la Perousc to have been completely carried 
out, the voyage of tliis last would, perliaps, have afforded h(;st example of 
what it was possible to accomplish with the hydrographic methods then in use. 
These different enterprises made known almost all the lands and archipelagos 
with whieh the ocean is strown, and fhrnished charts which already presented 
their general form with a great degree of fidelity. 

Lost come the hydrographic voyages of precision. If the expedition of 
d'Entrccasteaux offers the first example of them, the voyage of the Cofjuillc, 
ex<'cnted under the command and published under the direction of our distin- 
giiisiied colleague, Captain Duperrey, must, perhaps, be regarded as the most 
perfect type of this class of enterprises* To the same class belong the almost 
too faazaraons voyages of Sir John Boss among the ices of the antarctic pole, 
and those not less daring of M* Dnmont d'Urville 

The hydrographic study of the archipelago of Santa Cruz, which retained 
around M. Bcautemps Bcaupre some of the most pkilful officers of the frigate, 
did not so exclusively occupy the attention of Admiral d'Entreca^teaux and 
other chiei's of the expedition as to divert their alleutiou from the main object 
of thdr misskm, wfaicn was to seek for traces of la Ferouse. They constantly 
commnnicated with the shores, questioned the natives* examined the oljeets in 
their possession, and observed, among other things, a piece of iron nom the 
hoop of a cask, set as a hatchet ; but no one then suspected that there was here 
a vestige of the expedition of la Perouse. The admiral has minutely recorded 
the reasons why no importance was attached to the circumstance. . 

Nevertheless the chc^ of the archipelago of Santa Cruz presents, in its S£. 
portion, an island on which by a rather singular chance the admirsl bestowed 
the name of la Recherche, after that of his own frigate sent in search of la 
Perouse. "Wc took the hc;ning of this island, says M. Beautemps-Boanpri, 
for the first time from our point of station at 20 minutes after 9 o'clock, 19th 
May, at a great distance. At noon, the same day, we again took lis bearing, 
and then lost sight of it." Situated at the southeast extremity of the archipel- 
ago of Hendafia, this island has been in like manner seen and lost sight of by 
not a few other navigators in whose track it lay, and who little imagined that 
la Perouse and his companions had paid with their lives for the honor of having 
prcvionsly discovered it. 

Thus two years earlier than d'Entrecastcanx. Captain Edwards, commanding 
the English frigate Pandora, had discovered, Au^u^t 13, 1791, this same island, 
which he had named Jl^iU idandt and had saOed around its southern shorp wi^ 
out suspecting that it concealed the remains of a world-renowned ahtpwiepk 
Thirty years later, in 1823, Captain Duperrey, among whose officers wa». 
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Dnmont d'UnnDe, passed in the corvette la CoquUUt 2d and 3d August, *t 
about half a degree to the W.SW. of the ifland. Strong eastwuilly wiois 
p iwnt e d him nom approaching nearer, but be took nomerons bearings wlndl 

served to rectify the podilon of the island, and then obeyed without thoui^ 
the wind which bore bim away from it, having himself no reason for sappoHD^ 
that this ob«cure spot preaented auy trace of the expedition of h\ Pf^rousc. 

Yet the veil wad about to be withdrawn. Four years after, in December, 1827, 
and January, 1828, U. Pamont d'Urrille WM Ivtegwitli IIm AMrvMe in tbe 
port of HoMrttown* eitoated in those parte of Yan Diemen's Lend whieh MM. 
d'Ebitteeasteaux and Beautempe-Beaoprtf had surveyed with go much oeie iMfb \ 
they were still desert. Here reports reached him, va»ue indeed, and even con- 
traflictory, re?»pccting a surprising diticovery made by Captain Dillon, com- 
maadiug an English vcsselj engaged in commerce. This mariner, it was said, 
bad acquired aathentie infbfmatkHi lelatlTe to tbe sbipwieck of la Peronee, aa4 
bed even brought away tbe handle of a swoid wbieh be dafaned to have bekniged 
to that celebrated navigator. 

Notwithstanding the sligbt authority for these reports, M. Dumont d'Urville 
thought himself justified in modifying the route which his iustructions tra<^ 
for him. He touched, February 10, at TilLopia, where he fotmd among the 
nativee a lasear named Joe, a aukm and native of Calcntta, who was tbe aame 
that bad sold tbe sword-bandle to Captain Dillon. This man, af^r a Htlle 
beaitation, acknowledaed that aome years before he had gone to the Vantimw 
isles, which are no other than the group of la RccJierche, wlicrf be liad geen 
many objects belonging to the vessels of la Pcrouse; that he liad been then 
told that two very aged whites were still alive, but he himself had not seen 
tbem. 

The next day, Febraaiy 11, 18S8, tbe AOrelabe aaOed for tbe Vanikova 
i»landfl» aitaated, according to tbe natlTea, about ibrty leagues W.NW. from 

Tikopia. The vessel camo to anchor, February 14, rtt tin ylup f4 
destination, and remained till tiie 17th of March. M. Dumont d'Lrville, being 
^nice seriously indisposed, could not ouit the corvette, which, besides, wa^i, in 
more tbaa one lespect, not eonaideied m eatiie aafety ; but, after baving iuter- 
logated tbe natives, be deapatehed in ancoeaaion aeveral partiea eommanded bv 
reapoariUa officers, with wbom be aaaoeiated bla ftitbful surgeon, M. Gaimaera, 
whose recent death has been a new occasion of sorrow to tbe friends of Fr'>nce. 

The chain of reefs which, at a distance of two or three miles, form*? an im- 
mense girdle around Vauikoro, closely approaches the southern coast near Palou, 
in fiont of a place called Ambi. Here it ia but a mile off, and it wee bere tte, 
on a first viait, tbe native who preceded K. Jacquinot atopped bia canoe in an 
opening between the breakers, and made a sign to tbe Frenchmen to loolc be- 
neath the water. Tiicre, at a depth of twelve or fifteen feet, were clearly 
distinguishable, f^rnrtfr* d here and there, and imbedded in corals, anchors, 
cannons, bullets, and divers other objects, especially numerous sheets of lead ; 
tbe wood bad entirely diaappeared. The poaition oC the ancbora aeemed to in- 
dieace that four of tbem had sunk with the ship, while two others had probably | 
been let go. On a second visit M. Guilbert succeeded in withdrawing from the ' 
reef? the following objects : An anchor of about eighteen hundred pounds wcifrbr. 
without a sinck. much rusted and ovi n d with a ciuat of coral-i apparently from 
one to two inches in thickness; a cast camion, likewise covered with corals, and 
ao anieb oxydised that the metal readily yielded under tbe baauner ; a amall 
awivel of braaa and a blunderbuss of copper in mueb better preacrration, one 
bearing on its trunnions 548 as its number, and 144 as its weight; the other 
286 n?Hl 91 for it? number and weight respective I v, with no other marks ; a pig 
of lead and large sheet "f t)if -am'* nictfil, togi [!i,-r wiih ^i.t-nc fragiueiit"* of por- 
celain. The remains ot a kutilu had been previouily j^tiocated at Noma, a vd- 
lage of the coaat. 
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The iulluvving is the amount of the information obtained from the natives: 
About forty years previous to 1828, (which would carry u^ back to 1788, the date 
•f 1a Perooae's dfaappMnuice,) one morning, at the doae of a Terj dark nighti 
during which the wina blew with violence from the S£., the islanderfi eaddenly de- 
teried on the sonthern coast, oppoette the district of Tauema. anxeikonooiapirogm*, 
8tran(k'd upon the reefs. Tt was rapidly demolit-hed by the Avavcs, and so en- 
tirely disappeared tliat nothing was ever recovered from the wreck. Of the 
pertioiis who maaned it a few only saccecded in eticapiug in a boat and gained 
the shore. The fellowhig daj* likewise in tbo morning, a seeond pirogue, 
similar to the first, was diseevoed on the rodu before Palbn; where, in the 
lee of the island, and Icfs racked by the wind and eea, stranded moreover on a 
level shelf of twi'lve or fifteen feet depth, it remained some time in its position 
without being der^troyed. Thit-i, Hke the first, bore a whitr <^ii.>^igu. The 
strangerd who manned it landed at Paiou, where they establisht d themselves 
with those saved from the other ship, and immediately set about constructing 
s miall Yessel from the fragments of the shq^ which had not gone down. Their 
task was oompleiisd in eix or seven moons, imd, as most of the savages arerred, 
all the «tmnger^ left the island. A few, however, declared that two remained 
behind, but that these had not long survived. 

M. de Fromelin, who also visited these shores in 1S28, on the corvette la 
BatfoHnaist, and who had doubtless heard of the discovery of the Euglidh Cap- 
tain Dillon, aseertcfaied Inr examination the existence of the lemains of the 
I^«nch frigate on the reen of Vanikoro. 

It was a source of regret to M. Dumont d'Urville that he had not been able, 
in 1828, to visit in per>'on \hv place of the shipwreck ; hence, when on a last 
and memorablo rxp^ditiou he traversed anew the preat ocean, he caused his 
ships, the A*troia6c and the Zelee, to He to, Glh November, 1838, near the 
"^eef of the sonthern shore of Vanikoro. landing in a sea too rough to admit 
f stopping on the reef, be diseoverad a spaee clMied of trees, which appeared 
to him to have been the spot where the parties firom the wreck had pitched their 
camp. Near it he observed a larp^e cocoa-nut tree which had been deeply cut 
around the trunk at two metres above the ground, besides other traces of the 
use of the axe at a iTmote date, but beyond this he noticed no new indications. 

The two frigates mounted with cannon, which /:ould bo uoue but tho6e of la 
Fsronse, for no othen were known to have disappeared in these seas, had 
doubtless encountered, bat with more adverse fortune, casualties similar tO those 
which befell the frigates of Admural d'Entrecasteanx ; of which one was near 
being lost on the Be.nipre inlands at the time of their discovery, and the other 
struck on a reef of z ><4)h yies in the pa'^^ which forms an entrance to the haven 
of Bailee, but waa foriuiiately extricated. 

It was not an impossibility that the remnant of the crews of la Peronse should 
be saTed in the bark which they had coostmcted, and on which ther put to sea 
about the close of the year 1788. In fact, the English Capt^ Bligh, of Um 
ship Bounty, abandoned in the midst of the South sea by hif n- vol ted erew, 
in an undecked shallop only twenty-two feet in length, pass* J. Ibth May, 1789, 
about fifty leagues to the south, and consequently almost withiu sight of the 
kles of Vanikoro, and succeeded, May 29, in reaching the coast of New Holland 
at the south entraneeof Torres' straits, whenoe thej made their way to Com* 
pang, in the island of Timor. True it is, as ap.^ears from the romantic narrative 
of his adventures, that not to have perished a hundred times was due only to 
the most astonishing good fortune. This fortune was denied to la Pcrouse and 
his companionB, thouj^h the boat in which they left Vanikoro but a few months 
before was no doubt larger and better appointed thau that of i31igh. 

*Jja sindlar eirenmstanees many others have sncceeded in being saved. In 
Miing the stirring recital of their various perils, we readilj pereeivc that in the 
Arte of la Fatonse then is nothing enigmaiical j nor can the oondusion 
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U5 that the exppdftion of d'Eotrecastcaux must have been conducted with as 
much ability as zeal, when we see on the chart of the archipelago of Santa 
Cruz, by M. Bcaatcmps-Beauprd, two of the lines of survey directed by him 
upon the island of ia Reckercke or Vamikaro, meet precisely at the spot where 
still lie beneath the waves the anchors and cannons of one of thefiigafees of the 
illustrious and unfortunate navigator. 

The ships of d'Kntrecasteaux continued in 8ig;ht of the island /a Recherche 
almost the whole of the 19th of May, 1793. Be-iides the instmmeuls of the 
survey, there waa no deticiency of telescopes pointed towards the land, through 
which, if signals after the Bnropean manner had been made, the piercing eyes 
of some of the mariners could not fail to have descried them. But the survi* 
vers of the wreck were doubtless long departed or dead when the expedition 
pa^Bed, wlilcb not till five years after the disaster. As to tindinj; under 
the waters of tiie sea the remains of the shipwreck, that wouhl have been a 
stroke of good fortune such as seems in general not to have attached to any- 
thing connected with the expedition of la Peronse. Perhaps, however, d'£a- 
trecssteanz might have had that melancholy satisfiiction, his officers had 
paid more attention to the piece of iron, mounted n> i liatchet, which was seen 
m po^^f'ssion of the natives of Santa Cm/, for it had very pofsibly been pro- 
cure (i troui the remains of the wrecked frigates. But who will venture to say 
that in their circumstances he would himbcU have divined it. 

However that may be, the hour had now come for the depsrtnre of the ex- 
pedition. Sailing from Santa Orus it pursued its prescribed course, and thus 
separated itself more and more from the principal object of its research ; yeti 
thanks to the indefatigable zeal of M. Beautemps-Beauprc, it contiiuied to ren- 
der »'iiiinent service to hvdro^aphy. It travensed the arcliipelap^os of the t^olo- 
mon and Louisiade p;ruups, the coasts of New Britain and New Guinea j but a de- 

Slorable incident awaited it on these obscure shores. Admiral d'Entrecastcaiui 
ted July 20, 1793, after a short illness which presented some of the symptoms of 
scarry. The captain of the frigate PEtperanoe had already f dh u a victim 
to fever in the port of Balade. Very soon scurvy and dysentery had decimated 
the crews which left Franco in 1791, while the loss among the higher officers 
divided itsi if with impartial severity between Paris and CoblentE. Kot thai 
there was any suspension of the surveys, which continued to produce excellent 
charts* but a feeling prevised that it was time to desist The two frigates 
were turned towards the island of Java, and entered the port of Sourabava* 
wlu re the voyagers learned that the day of their arrival was not only October 
27, n\):i, \mt, at the same time, tlie Gth Bruinaire of tlie year 11. 

The rxpedition wm here broken up and its different members returned ?ep- 
arately to Europe. In his passage, M. Beautemps-Beauprd stopped some time 
at the Cape of Good Hope. He had preserved the minutes of his charts, but 
the fairly executed transcripts, with other scientific docnments collected by the 
expedition, were captured on the return by th(; English, by whom, however, 
they were restored at a later period. Yet, to avoid the possibility of their di.a- 
appeaiance, he employed the time of hi.-^ stay at the Cape in making? a new- 
copy, which his frjinid M. Renard, chief surgeon of the expedition, undertook 
to convey privately to the representative of France in the United States of 
America. He himself embarked on a Swedurii Tessel, which landed hun at Goth- 
embonr^^ \v licre M. Fonmier, French consul, procured him the means of 
re-entering his own country. 

Arrived at Paris Aup^uj^t 31. 179G, after an absenee of five years, he rejoined 
his excellent friend M. Flcurieu, and resumed, under his direction, the prepara- 
tion of the Neptune of ihe Baltic scat being at once named hydrographic engi- 
neer of the first class, and under-keeper of the general depot of the marine, u 
1798 the edithig and poblieation of the charts of the voyage of d'fintreeasteaox 
were officially confided to him. This great pttformance, which did not appear 
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tiil ib08, was a work of prolonged execution, but the co-op v.uion which he 
gave it did not eogross bim exclusively, and from the 20th July, 1799, to the 
96Ui June, 1804» Eo was charged in diidPwitli making tbe hydrographic snrrejr 
of the course of tbe Scheldt, and wilh a snccession of other hydrographic mis- 
•ions relative either to the Scheldt or to the coaste of the North sea. 

Adminil Ro«ily, director of the depot ot'Tnarine, being designated at the ci)d 
of the cfinipai^^n of 1802 to make an inspccii ni of tlic^o labors, iaformetl himeelf 
of the methods followed by M. BeautempB-Bcaupre, as well in fixing the posi- . 
I&ms of shoals and of sotindiogs as in the constraction of the plan.^ He gave 
his complete approhation to these methods, which consisted essentiallj In the 
combination of the accurate measurement of angles by means of the circle of 
reflection, with the employment of tlio g;pomntric principle of the " problem of 
three points," a combination who^i(' application to submarine topography is one 
of the best titles of M. Beautempa-Bt^aupre to the rej^pectful consideration of 
hydiographers. 

In 1804 the Nautical Description of the Coaat of the North Sea from Cdtme 

In Oiiemd was published under the auspiccH of the depot of marine. This work 
p?vf'-i iu detail the de^crijition r,f tho '^lioals which obstruct tlic port of Dunkirk, 
and of those which are ( nnij.t i , d between Dunkirk and the entrance of the 
Scheldt, as well as the nautical instructions necessary for mariners who frcc^ucnt 
those shores. The chart which accompanies it was reproduced at the hydro- 
graphical ofllce of London, with an English title, as having been ezecut^ hj 
Admiral Bcautemps-Beaupr ' ; f tr the English were not slow in ascertaining, 
though a little vngnely, that under that name there existed a hydropT-aphcr 
worthy uf the- lii^h< r*t confidence. In the following; years M. Beautemps- 
BeauprtS explured the courcie of tiic Scheldt, till then but little studied, and, tor 
the first time, demonstrated the practicability of the ascent of that river by 
ships-of-the-line as high as Antwerp, an indication which furnished a basis for 
the plans of the Emperor nt that point. Charts of minute detail embody the 
results of these labors, before the termination of which M. Beautemps-Bcauprd 
was advanced in his position as liy(lro;:;rapliical engineer and ofiicer of the 
marine, and was named (August 3, 1804) a member of the legion of honor. Ho 
had by this time, indeed, become pre-eminently the hydmgrapher of the Em- 
peror Napoleon. The latter, when a ciQr or department required an important 
and difficult construction, was accustomed to say : " / will send Prony thither.** 
When the matter in hand was the elaboration of one of those great projects 
which he liad so justly at heart for the re-establishment of our maritime power, 
he cent, without saying anything, M. Beautemps-Beaupre. 

After the campaign of Ansterlits and tbe peace of Preebur^, the views of 
the Emperor were turned towards the coasts of Dalmatia, of which the numerons 
inlets and islands, with their ste( p banks and deep channels, present magnifi- 
eent harbor?, equally fheltered from the wind and the enemy, and of great 
importance to the Venetian marine. M. Beautemps-Beaupre received (February 
6, 1806) an order to make the hydroarraphic sm vey of the military ports on the 
east shore of the Gulf of Venice. To tnis object he devoted three campaigns, 
ro 1806, 1808. and 1809. He took plans of the whole coast from Trieste to the 
mouths of the Cattaro, embracing the port of Pola, and the still more magnifi- 
cent one of Calamota, near Rajpisa. The plans and surveys of coasts which 
he executed liave l>een published oa a reduced scale, but the admirably drawn 
originals remain one of the ornaments of the depot of marine. 

After the battle of Wagram he was sent by General Mauieillan, governor of 
Zara, to the headquarters of the French army at Vienna, as bearer of a conven- 
tion of armistice relative to Dalmatia. He received, on this occasion, from the 
hand of the Emperor, the decoration of the iron crown. Being ordered to 
report himself, with his charts, to the minister of marine at Paris, he had 
scarcely arrived at that city when he was named member of a commission 
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charged with dutica relating to military operations on the coast of Zealand, 
where the English had made a descent. Becuircnco to him was the inTAriable 
rnle in everything beariog on the afiiun of the Scheldt, and in the intenrals ol 
hifi labors in Dalmatia be had been repeatedly required to letiun thither. His 

indcfatig:il:]r' rtctivity was equal to all JcmandFi. 

A new in hid life now opened to him. The death of hia venerable 

master and uiend, M. de Fleui-i( u, had Icl't a place vacant in the iirst class of 
the Institute in the section of geography and navigation. M. Beantempe-Bean* 
pi^ consented, with mnch distrost, to become a candidate. To make the report 
on his titles to a nomination fell to the lot of M. Arago, who, observing the 
number and variety of his lahory, naid to him : " Ymt mml have Ih-rd a hundred 
years /" He had lived, however, hut forty-four, and wan uomiuated, iS(?ptember 
24, 1810, by a large m^jurity. One of hie priucipai comjpetitors wai) Admiral 
de BofiUy. director of the depot of marine, hia official chiei and constant fiiend. 
The transient riraliy produced no change in their feelings or relations. In oor 
peaceful conteats, he who loses to-day frequently succeeds to-morrow, and the 
merit of one aspirant places in higher relief the merits of others. Admiral 
Bosily was himself au hydrogruphcr of much experience and great knowledge. 
In 1737, during the voyage of la Perouse, he had executed, by order of the 
King, on the &gate VenuSt which he commanded, the hydxographic rewn- 
naissanee of the Bed sea. In 1816, sealonslj supported by M. Beanteim»- 
Beauprd, he, too, became a oolleagoe of the Acade my in the section of free 

aciuh micians. 

In 1811 the empire had been extended far as Ilambur^^ and Lnbeck. M. 
Bcautempti-Beaupre, who, at the beginning of his career, had labored ou the 
Baltic NejpUme under M. Fleurieu, was now charged wilb the hydrographie 
exploiation of the northern coasts of the empire beyond the Scheldt. From 
1811 to 1813 he made a series of surveys in the departments of Holland, as 
well a« at the mouths of the Ems, the VVc^er, and the Elbe, in view of the estab- 
lishment of a great railiuiry port. The decision, founded on his inve!=<tigation8, 
being in favor of the Elbe, he was charged with the selection of the most 
i^TOraUe site on the left bank of that rim, and made a complete hydrographie 
survey of its course. 

In 1815, during the hundred days, the Emperor, at a reception in the Tnil> 
lcri<^p, stopping abruptly before M. ai]tr !np''-B<'-nipr('', said to him, witli an air 
of chagrin ; *' Wc are atill very Jar Jrom (he Elbe — and yvurdtarU /" ** 5ire," 
replied M. Beautemps-Beaupre, " 1 considered it my duty to send them to the 
United States by an American vesseL" '* U t# wUt** rejoined the Emperor, 
gnttified at reeogniitng in this trait the man who had beoi the confidant and 
^thful instrument of bis great designs. At a later period the charts wen 
rcmittrd to the j^overnment of TT;nio\v r, and M. Beautemps-Beaupr^wasnanad 
a member of the Koyal iSoeic ry ot Sciences of Gottingeu. 

Justly honored for so long a bciies of services, he might have now resigned 
himself to a weU-eaned repose, but Us was not the tempeiamenl tbr sm an 
indulgence, and at an age when many think of dosing their career be oo«- 
menced a new one. Since his return from the Cape of Good Hope in 179$, 
ho had been unable, by reason of the war, to extend his labors beyond the 
waters closed to the en< inj, and, with the exception of his explorntion of the 
coasts of the J!^orth sea, alter the peace of Amiens in 1802, he bad bt en obliged 
to confine himself to some of the rivers of Gennany and the equally prote^ad 
inlets of Dalmatm. The return of peace again made the ocean linee, and the 
opportunity of revi^ting it was seized with alacrity by M. Beautemps-Beaupnl, 
for whom it seemed to revive ihe brightest d.<y= of his caily manhood. 

Admiral llosily, dir< c!«>r of the depot ot marine, had the merit of immo- 
diaiely comprehendiug >vhat the occai^iou required and alio\^ed, and Louis 
XYlil that of entertaining his proposals with favor, notwithstanding tlw <v- 
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KMurassments of the timefl. The ordinanoe ctiiectiog the immediate propnra^ 
tion of the piiot of the eoasU of France was signed Jane G, 1814, but the labor 

could not DC commencofl till 181G. By an ordinfinrr' i\iv former date. M. 
Beaiitemps-Beauitre was iiaujed h ydroo^rajiliic en^ineer-in-cdiiel"* and joint 
keeper of the general depot of tbc cbarLs, plaus, aud juuruulH of the uiariue. 

The condition of French hydrography at that timo was an anomaly rc&uil- 
ing from circumBtances. The administration of Louis XIV had occupied itself 
uritb the bydi-Qgrnpliy nf the coasts of France, and the engineer Lavoye had 
executed. ;ibout 1670, charts of tlu^ coasts of Brittany wlik h wore qnitc passa- 
ble, or at least very much superior to ilioso whicli n presented the p.irts of the 
coadt comprised between the mouth of the Loire and the shores of Spain. A 
centniy afterwards, in 1776, the government ordered a hydrographical recon- 
naissance of the coasts of France under the superintendence of la Bxettonniere, 
captain in the navy, and Mechain, astronomer for the marine and member of 
the Academy of Sciences ; but it would seem that those distin^iir^lu d por^on- 
agcs Were ratlu r chargf d with the collection of material-* fur rectifying tho 
errors of the old charts, liiau with tho execution of such a detailed and com- 
j^ete aunrej as might meet the wants of the service under all circnmstanoea. 
There remain in the archives of the depot of marine but few documents rela- 
ting to their operations, which extended, however, from Dunkirk to the Baj 
of Cancalc. 

Since lliat tim>' geoi^rapliy had made in France important advances with 
which hydrography had by no means kept pace. Before the close of tho 
dghtcenUi century there were geographic charts of a great part of the globe, com- 
petent to convey a general and sumcieutly precise idea of the continents and 
seas. France particularly had been enriched with the map of Cossini, known 
also by the name of tho map nf iho Academy, a work of great merit for that 
time in point of execution, and of great utility. It may he huid, however, with 
truth, that towards the end of the last and in the first years of the present cen- 
tniT, the art of constmcting geographical charts received improvements by 
whidi it was essentially revolutionised. This amelioration was consequent 
upon the establishment of the metric system, which had necessitated the meae- 
uromoiit of the meridian of France, from Dunkirk to Barcelona, and afterwards 
to Furmentera. To the chain of triangles establiBhod in the execution of this 
measurement a comprehensive iruuigulation- was subscq^ucntly attached, ex- 
tending over tho whole of France, and in the befjuel over consmeraUe portions 
of Spam, of Italy, and of Great Britain. In the prosecution of these vast and 
difficult labor? several members of the Academy have borne a conspicuous 
part : MM. Dtlambrc, Mechain, Biot, Arago, Mathieu, Puissant, in conjunc- 
tion with most of the member? of the corps of topographical engineers and 
sundry otiicers of the military staS". On the triangles of the meridian has been 
based the trigonometrie system of the new map of France, published by the 
depot of war. In England, savants of the highest merit. Colonels Mudge, 
iU>y, Sabine, and the most distinguished officers of the ordnance corps, have 



• It mny ot-Cft'^ion surprise that M. Bcnntemp^-licauprd, employed nnJ apprrciiit* <1 
mm by the Emperor ^lapoleon I, ahould bave retained till 1814 the tiiie ut tagmuur-hifdrQ- 
graphe vrdinairt! but toJs will be more easily uoderHtood from the followiuff letter writtSB 
July 20, 1BI9, by M. If due Decrin, who tiud boon minbter of the iiiHrhie utidor tho empire: 
"All th« world approciatea the services readered by M. Ueautemps-Bcaupio with a zeal, per 
•Bvem n ce, and tuent above all praise; but I, who have maintidDed c lose relations with him 
for iiiiiiiy yonrs, cannot hnt rffjiird him with sincere attachment, and owe him many thfiuks 
for the proofs of friendship which he has always given me. There are periK>utf who, without 
tfie leastelaim, are always soliciting; those are numerous. There ai% uthor8, funniu^' hut a 
small n ill 1 TV, wlio, with the most inrontestable claims, never solicit anything. TIr- fact is, 
that dtuiug the eighteen years ot iny official relations with M. Bcautemps*Beaupr^ ho ceased 
not to occupy my attention by his labors, but never once invoked it by a solicitation. 8iDi0a< 
hs iiufBts himsdyr; it is but light that jostioe and fikodship should remember him.*' 
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oombtned tlieir opentions witli tliose of our own conntiTmen, and have eom- 

menccd the publication of a magnificent chart of England, designated \>j the 

name of the Ord/ianrr Map. 

'Yo yAacf Fn nch liydro^r ipliy on a \o\v\ M'itli u^ootjrnphT. wliilc rescuing 
it iroin the momentary ubantlonmeut wliicii war had necessitated, wa,-* now the 
object of interest. The instractioas which H. Beautemps-Bcaupre received 
for this purpose were framed by Admiral Rosily, chief of the marine depot, 
aiJil ^r. do Ilossel, who had become one of its joint directorSi after having aided 
in the Ijydroj^rapliical labors of the expedition of (rEntrrcn^teaiix. Tht -f^ in 
8truction?< indicated the west coa«t of i'runce as first claiming; attention, tiince 
among all those to whose hydrography navigators had need of daily recur- 
rence, this was most noted for its defect of exploration. It was to Brest, 
therefore, that If. Beautemps>Beanpr^ repaired, and here two schooners had 
been built for him, whose names, la Reckerehe and FAHrolabe, gratefully re> 
called the memory of la Pcroufe and d'EntrecaPteattx. To these were Joined 
tho M^ht vpHscls necessary for the ucoomplishment of Iris mission. 

In indicating the objects proposed for his attainment, he was left at liberty 
to adopt that mode of operating which long expiaience in labors of this nature 
might induce him to select. Ho thus fotmd himself anthortzed either to unite 
all the means placed at hia disposal on a nmall extent of coast, in order to pro- 
duce promptly a description of it, or to distribate them over several points at 
the game time. 

The fir8t was tho mode on which ho determined ; as ^cll because he had 
already proved, as he himself tells us,* its efficiency under various cirenm- 
stanecfi,as because it was the only one which would enable tho depot of mariae 
to publi;«h in succession the colloetive results of each campaign. By concen- 
trating the oppfjitionf of the en;jrineers BUCCO.«ii«ively on Bmalf cxtrnt^ of coa-t, it 
was in his power to verify in siune nuMJ*urc daily the labors of eacli ol lii.>< as- 
aistaut.-*. Thus, for instaJicc, wlien an engineer, in sounding, encountered some 
obstruction which had escaped former researches, he gave notice of it, and M, 
Beautemp9-BcaQpi4 was in a position to make a personal inTestigation imme- 
diately. To this mode of operating he owed tha advantage of oeing able to 
combinr' nil his means at the same Tnornont on a danj^erous pof^itinn, when the 
wentlu r was frvorable. In this way he haa otien succeeded in ttrinin iiinr; in 
a single day, or even a few hours, the examinaiiou ol" dangers .situated far in 
the offing, the description of which would have required the employment of an 
isolated engineer during a whole sea.'ion ; of this kind were the recoDuaissances 
of the w(f8tem extremity of the bank and race of 6ein« the fiats of fioche* 
Bonne, 5:c. 

The years 1810. 1^17. 1818. were exclusively devoted to the survey of the 
maritime position of i>re!*i, and its n ^ulls, foimiug tlie lirst part of the PiUd* 
FraitfaUf were published in 1822. The operations of 1819, 1820. 1821, and 
of the first part of 1822, embraced tho survey of that part of the western 

coast ( f I'larice comprised between the point of Penmarch (FiaisUsnre) and 
the i !e of Yen. (Vendee.) and funii.«hed the material'? of t!ie second part 
of the above woik. |nild;;-iied in ]S2^J. From to lb26 the survey was 

extended to that pan uf ihe coa^^t comprised between the isle of Yen and iSpain, 
and its results appeared as the third part in 1833. In 1839 the fourth part 
was given to tho world, representing the labors of five years from 1829 to 1833, 
and cmbracinj; a do.-^cription of tlic coast between the isle of Brehat and Bar- 
flfMir. la IS.'J.J, and \S:]G, the operations were exi^'uded froin tli.^ latter 

jmint In I>ijnkirk. Finally, in 18^17 and 1838, the Furvt r was made of 
that puiii<»u of coast comprised between the Ulc of lirehat and the 



* Exp094 dts Trat^ttz Rtlmtifs a la Iteeonnaissauce Uydngrafkijtte det C6u* ChxtdetUaltt 
4$ iVaaos, par M. B«aat«mp»>llQaupr6, p. 3. 
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nortliem rocks of the Passage da Four, (Finistoiro,) where operations had 
Bloppcd in 1818, and thus were completed ihc materials for the tifth and eixth 
porta of the Pilote Franfahf whieh appeared in 1842 aod 1844. The iiz 
atlases eontain twenty-one genoml charts, sixty-live special charts, thirtjr-one 

plans of double elephant size, fifteen of half elephant, and fourteen of quarter 
elepli.mt p\7j\ two hundrod and f»ov'enty-ninc t;ih!o;? of fJiirvovfi takfn of the 
priticipiil (lan<;t!rs of the west and north coa.sts of i'ranee, and one iiuudred and 
eighty-four tables of high and low water observed during the progress of *the 
tirenty seasons spent npon the same coasts. The account (V Expose, &o.) 
of these bjdrogmphical labors, exocatcd nndcr his orders, was so drawn up by 
M. Beauteinps-Beaupri!; as to serve fts the complement to the second chapter of 
the appendix ntfnnhed to the first volume of the voya^o of d'lCntrrcaftpaux. 
In justify in.i( this form uf composition, he pleads that, whun that .ippt iidix was 
published, his practical knowledge of the best means for reconnoitring maritime 
obstructions could not be so positive as that acqntred during his first ten cam* 
paigns (1817 to 1827) on the coasts of France. It is certain, nevertheless, that 
in everything essential his method was definitely fixed at the times of the pub- 
lication of d'Entrrc.T'tenux'f voyage in 1808; and in the pn f'ic" to th it work 
it is thus fipokea of by M. de U<)>.-el, an authority of uij<loul/r( d c(inip( t( ncy : 
'•Navigators will in general find iu this appendix hydrographic iu^trucliouis of 
a far more complete nature than any heretofore published. M. Bcantemps- 
Beaupr^ has here given also several expeditious metiiods for sounding a coast 
and mnrking the depths on the chart. These methods, of which he availed 
himself for hi? operations conducted on the coast of Franco, (boforf^ 1808,) by 
order of the niiuif«ter of marine, are so useful that it would be unju(«t to with- 
hold them from navigators, as well as those of which he made use during the 
campaign." 

From these judicious observations of one of the masters of hydrographic 

science, it will readily be inferred that the openitions which M. licautemps- 
Beanprf^ condiicted on tlic coasts of F ranee differ in several essential particulars 
from with which he was habitually occupied in the voyage of d'Entre- 

caateaux. la the lattei-, which pertain generally to what is called surveying 
under uiU, the end principally in Tiew was to fix the position of the remarkahle 
objects seen on the land, capes, monntains, liy means of observations 
directed towards those objects from certain points in the course of the ship, de- 
termined with especial care. The operations on the coasts of France, within 
an extent generally less wide and with much less rapidity, had iu view to fix 
various points of the sea, rocks, places of sounding, ^c, with reference to cer- 
tain objects determined on land, mountains, steeples, semaphores, and other 
signals. This was almost an inverse operation to tlio prccccling; yet this also 
required numerous admeasurements of anghs, which were obtnined with the 
same fr-fh>ctin2; circle, and the frcometric cotj^tructions were derived essentially 
from the Hume trigonometric principh altliough the proposition of the "problem 
of three points" was here more tVe(|u»;iitly employed. 

As the bearings taken from the sea were directed upon all the remarkable 
objects of the land, it was necessary that the position of these should bo deter- 
mined by geodetic measurements made ashore with all the precision attainable 
by science. For this reason a triangulation was executed on land embracing 
all the points of the coast. This was effected f<»r tlie western coast.s of France, 
firom Brest to Saint Jean de Luz, by 31. Dau.ssy, and for the northern and 
flouthem coasts by M. B.)gat, both members of the corps of hydrogranhieal 
engineers of the marine. These triangulations have becji connected witn the 
grand triangulation which serves as a l> i«' for the new chart of France pub- 
lished l)v the corps of the etat-major, and have been found so exact that they 
have been finally incorporated in that tundaniental system. M^f. Daus.sy and 
Begat liavc deduced irom their trigonometric labors a complete table ui liio 
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poflStioiiB of all the remarkable objects of the coasts of France wbicli can be 
seen from the sea; and it was by bearings durccted upon these p )iiits, rigor- 
OOslj determined, that M. Beantnaps-Beauprd and hia assistants fixed the posi- 
tions of the points of the sea which were to be m irkod on the charts aud plans. • 
The hearings were invariably takon with the leili rtin;; t iixle, in tlie raana^^e- 
mcut uf which valuable and delicate iustrumeut M'. iieuutemps-lk-aupro had 
ae^nhred great dexterity. Nor was he less expert In constructing graphically on 
the first Tongh draught of his chart the points observed by hi^ method, foonded 
on the geometrical principle of the "problem of three points." lie was 
master in a surprising degroo of the varied conf5tmetionf» dednoiblo from this 
principle, and np])licd them, as the case might require, with the utmost readi- 
ness and sagacity. 

It is usually by means of the cirenmferences of curcles described with the ob- 
served distances that the points of station are obtained; but when this construc- 
tion presents some difficulty by reason of the length of the radius of the circle, 
the nearness of centrcfs. &:c.. it i;* practicable to substitute one of those eomewliat 
luimorous and generally quite simple constructions whicli clcmontary geometry 
deduces from the same fundamental theorem. Thus, iu inauy circumstances, 
calculation may be used to find the radii and centres of the circles to bo described. 
M. BeantempS'Beauprtf recommends for these constmctions, combined with 
calculation . the employment of the tables of nattural tangents and sines. 

The scale adoj)ted by the hydrographic engineers for tlie fir-t n duction of 
their labors wa.-? t^ix line^ lor 100 toises, or Y^VfTo' ^*qual to t«ix times that of tho 
chart of Oossini. The churls;, and even plans, however, have been generally 
pnbUshed on a scale mnch smaller, bnt M. Beantemps-Bcaupr^ soon recognized 
the propriety of not only collecting the materials requisite for the execution of 
the new charts of the coasts of France, but of exerting himself, moreover, to 
brinf^ together in the archives of the depot of innriim all the documents which 
might be UJ«<.'t'iil in tlie fennel for I'onning a judgment of any projects relating 
to navigation, lie sufl'ered himself to be deterred neither by the dilHculties nor 
nagnitude of the work) and the depot found itself erentually in possession of a 
collection of fire hundred and twenty-seven quarto volumes, containing the 
documents requisite to execute at need, on the largest scale, the plan of all parts 
of the western and northern coasts o^ France to which the attention of gOTcm* 
ment might bo called. 

One of the most essential aud useful parts of niiirine charts is the indication of 
the depths of the sea at different points ohtained by the sonnduigline and denoted 
by figures on the chart. M. 3eaatomps-Beanprd was equally skilled in making 
and in marking the positions of soundings, and it is with the authority of a 
practised raa«ter that he recapitulates in the Expo.^e des JVavaf/x, the rules 
of the difficult art of f^ubmarine topography. It was seldom that an obstruction 
or peril e«*caped him, though he seems to take pleasure in citing, i'or the iostroo- 
tion of his successors, instances In which his researches were baffled for years 
In succession. One day notice was given him that a vessel had touched upon 
a rock at a point where none was known to exist. He sought for it a long time 
withoti? sncce??, but at la?t hif line fell upon it. The r^iek v, :i« sin^jdv apeak 
whode diameter t^carcely exceeded that ol'tliH lead of the Hounding line. 

It is necetesary to take account iu souudiugs of the constant variations of the 
level of the sea by reason of the tides. " The first tUng to be done." says our 
b^drogranher, ''at the oommeaceraent of a campaign, on a coast where the water 
tnrongb this canso continually changes its level, is to place a certain number of 
scale?. di\-idcd into feet and inches, on which those cnauges shall be observed, 
since ir is by means of observations of this kind that we are enabled, in giving 
the chart lu detiuite form, to reduce to the lowest water level the soundings 
made at all hom* of the dav and tide. To lednce the soundings Is lo subtract 
from die depths fiiund on dmrent days and at all hem of tho tide, for eveiy 
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point of tlio coast Bounded, tlic suitable number of fcpt, in order to transfer to 
the plan only the depths of water found at each poiut at the precise iutiLaut of 
lowest depression. The tables of high aud low tide, at many principal points 
on the c oasts of France, are extracts frem the large body of observationa whidi 
served for the reducti.tn of the sonodrngs/' {Ea^oti dca Traraux, &C.» p. 10.) 

As M. Beau temps -Beau pre has more than onco remarked, the soundingfl in 
many parts of the sea are far from being necr??nrily unchangeable. It U readily 
conceived that they must vary as well from the effect of depoi*itt} produced nt 
some poiutd as of erosions which take place at oliiers. lie had said, as early 
as 1804> in hfs naatieal description of the coast of the North sea: We forewam 
navigators that oar work must not be regarded as everywhere anthoritativet ex- 
cept for a limited time* on account of the changes which are m progress in the 
shoal ^ upon tliese ehores." To the ^nmc effect he observes with reference to 
the wet*ttni and southern c<>a.^t.-< of France: "All banks of sand ami ooz(! un- 
dergo changes of position and of depth of which navicrators should ever be dis- 
tnistfttl, since the best charts can only give, as re gards damgcrs of this kind, 
insnfficicnt information when Bome time has intervened since their constmctton. 
And this applies especially to such banks when they obstruct the mouths of 
rivers. Ilcnce the necessity of sounding annually the principal channels, aud, 
indeed, of frequently renewinj^: the chart^' of the entrances of rivers." It may 
be added that tlic comparison of the succt;ssive charts of the t^-.imr. re;;ion will 
some day furnish valuable data rcspect|ng tjie accumulation of aub-muriue 
allnviums. 

It was to the cl ass of researches just spoken of that our colleague dedicated 
hi.^ 1 i-t liydrographic labor. He had not taken final leave of the sea in closing* 
iu IS'JU, his survey of tlie nortliern eo,T«t of France. In 1811, at the a !:^e of 
sevt'iitv-five, lif tluerfully complied with tin- invitation of Adiniral Baudin to 
join him in an investigation of the changes produced in the system of bars at 
the mouth of the Seine within the seven preceding years. It was then that for 
the first time he had at his disposal a vessel moved by steam, and the superior 
fiiciUties thus furnished for hydrographic enterprises drew from him the remaric. 
" That he would p:la(lly recoinnience lii^ career if it were only for the pleasure 
of prosecuting hydro^^rajihy with such advantages." 

Though he cheerfully acknowledged ihat the marine had done in his behalf 
all that was practicable, yet he had never, during his operations on the coasts 
of France, possessed other resources for transportation than those 6U])plied by 
the sail and oar. Ho had generally at his command a company of eight or ten 
hydrographical engineers and officers of marine, and from this school of prac- 
ticid Iiydro^,'ia|diy have proceeded many of each class wlio have since been in- 
trusted with tliv lno^t important lab<)r.i in remote as well as !ieijrhboring seas. 
Among them have appeared at diliereut times our present colleagues, M. Daussy, 
Admiral dn Petit Thonam, end M. Dortet do Tessan; MM. Givrvand Gressier, 
to whom was intrusted, under our distinguished and regretted colleague, Admi- 
ral Roussin, the hydr' irraphy of the co^ists of Braail; MM. Monnier and Le 
Boiirp-ut^'iion DnpeiTo, who liav(^ lurninhefl uf a ni:i'rnificent chart of our colony 
ol" Martinique, and have eoninu need the hydrographic survey of our Mediter- 
ranean coasts, and those of Italy j ^Lil. Begat, Keller, Chazallon, Lisussou, 
Dehunarche, do la Roche-Poncic', now activcW' prosccutiDg the grand hydro- 

Saphic enterprises of the depot of marine; jfM. Darondean and Vineendon 
nmoulin, who have so honorably associated their names with our great voy- 
ages of circuTTinavip^ation and other important labors; M.M. Le ►Saulnier de 
Vauhello. I/ipierre, Jehenne, De Villeneuve, who, as oflicers of our marine, 
have ill ditVeri-nt quartern of the world rendered signal services to hydrugraphy. 

Familiar with ail the hazards of the sea, M. Beuutemps-Beauprd exercised a 
consummate pntdence in the employment of his asfHstants, and was justified in 
saying to the Academy, when he presented il with the sixth and last volume of 
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the Pilvte tie France: "It compktto the satisfaction 1 feel at having Uruagbt 
to a succcssftd dose 80 constdcrablo a work os that which I now eubtnil to the 
Academy, that never in the course of twentjr^ cam])aigiis, amidst the iauamerable 
danger,^ wliich beset onr coasts, have I had to deplore the hiss of one of my 
coninidr- l»v any nrcidcnt of the era." Xor was he h^^s? emphatic in nrhimwl- 
efl^iii;;- the zeal aixl i^riciuc of those who h.^.d taken part in hi.-^ l..lu,is. .-lul ^vo 
feel dial it was wiiii cqiial pride and pleasure that he took auoiher oecasiun to 
say : " l^ractical knowledge may advance, and methods be hereafter improved, 
bttt we believe onrsclvcs fully justified in affirming, that under no circumstances 
can greater zeal he exerted than has hccn displayed by all our fellow-laborers." 
Hence, when Louis rhilippe, in 1844, named him grand officer of iliu lc;;iou of 
honor, the entire corps of hydro^raphieai engineers I'cU themselves reeompoQSed 
in tho person of their venerahh; chief. 

Kiudness of disposition did not preclude, in the cose of our colleague, great 
firmness of character, as was abundantly manifested amidst the vexations in- 
separable from labors like his ; especially was his constancy of purpose pn^ved 
by a eircurastance which wouM have discouraged most others. Although lie 
embarked young, and at the outset was tor;>otl for two sncc(•^•sive yr irs on the 
most stormy seas, he ceased not nt any time to l>o suhject to sea-sickiu ss, and 
it was amidst eufferini^a from this malady, which so completely subdues the 
Stoutest spirits, that for fifty years it devolved on him to measure angles with 
the nicest precision, and note the details of sounding^, while exposed on slight 
vessel.>i to the waves which often swept over himself and his drawings; yet ho 
paid no attention to these; things, and disliked to have his infirmity observed by 
others. To his assistants, however, his suff'erinL'-' coni.l not be unknown, {ind 
must have contributed to the sympathetic aiiection with which he was regarded 
by those, whether officers or mariners, with whom his labors brought him iuto 
contact. 

It was indeed natural that, with such a character as his, M. Beautemp^ 
Beaupn- should be loved by nil who approached him, and it may be readily 
imagined that the 25th September, 1818, which witnessed his ofTu ial n tiroment, 
was, for the depot of msirine and llic v, Imk' corps of hydroixr ijiiiic t itginiM rs, a 
day of undisscmbled regret. Kejualiy may we conclude that it waa u day of 
i^tivity when, February 2, 1853, M.«Ducos, minister of marine, came, in the 
name of the Emperor and in the presence of the corps of en^neers, to inaugurals 
the bust of our colleague in tho grand gallery of the depot, whose inv;iJaable 
documents have in great part been collected by liim,^( If or under his order?*, or 
at least by the metlHids with Avhicli he !in«* ( iitl<j\\ rd hydrographv. < hi ihia 
interesting occasion, Admiral Muthieu, the worthy and learned director of the 
depot, pronounced a discourse, from which I must content myself with trans- 
cribing the following passage : "In having constantly before our eyes the veil- 
craM<' features of him who was once our chief, and who has created that admi- 
ralib liytlrogrMphic science which is the torch of navigation, we shall recall 
witiiont ( ( M.-ing his v«.-t and conFcientious labors, his useful cotm-el^^, liis devo- 
tion to tiuty, his rigid probity, and at every moment of the day, to spt ak, we 
shall pay him the tribute of respect and gratitude due to him by so many titles." 
To this address M. Ducos cordially responded : "This bust," he said, in dosinr 
his remarks, "is entitled to our respect, for it is that of M. Beautcmps*Beaupr^ 
so mucii etideared to the navigators of all nations and of every sea. In dedi- 
cnting tlii.-^ ^^^^7 ^f '^'^^ of science, whom you juFtlv mn'^idcr tlie founder 
of the dfpot of marine, in tlie place which has been the w tnos of tin laU»rs of 
his long career, it would seem to be no strained metaphor which should liken 
this tribute of your regard and veneration to one of those beaeons erected bj 
bis counsels and exertions by which you would ingeuiously recall to his suc- 
cessors the modest point of departure, and the glorious point of success which 
they too may realize." The bust is perfect in its lesemblaDoe, laithfully lepio- 
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ducing tbc noble features, the kindliness, united with penetration, wliicli charac- 
terised tbe original. Under a physiognomy impressed with so much goodness, 
we are easily persuaded that wo see one of those ancient savants of the primitive 
typo wIio<o renown is the property of ages. To the skilful statnary (M. 

Dcsprez) who executed it, tlic more honor sliould .u'criTc, inasmuch as 31. B( aii- 
temps-Uoaupn- hid roarluHl the* age ot" ei^lit \ ->ix without h;i\ in.^ evrr ]!rriiiitti-d 
any one to take hi^i portrait. After the ci rcuioiiy, the miuioltjr, the udaiiral, 
and the whole body of adsiatauts proceeded to the modest resideucc of M. 
Beautemps-Beauprd> in the street det Saints-Peres, there to render to the illns* 
trious old man in person, and amidst the applause of all present* on homage 
which must have sensibly touched his heart. 

Nor wen' the ^cirntitic bodio?, to whicli ho belonged by moro than ono 
title, leb:A c*»iiM-;( iuioiiri in their ackiiow li (l;;iiiriitj». In Ib'Ji he liad Imm-u named 
member of the burc.ui uf longitude?*, and assiduously atteiuicd the meetings 
whenever he was in Paris. Uis advice in all that regarded navigation was 
\ace listened to with invariable deference. lie had been also named one of the 
commist'ion of light-houst'.s from the eoilimencenn'nt in 18*^6, and was especially 
intru?t('d v/itli the ptiitnblf' locatioTi of tliosc iiivalnril)lt> aids to navigation. The 
active and iiiilii' n; ial part whicli lie took, iu llie didiberatioiifj of the board was 
■warmly atkaow lodged at his luucaal by M. Leouce Iteynaud, tlie bkiUal con- 
structor of the light-house of Brehat, the site of which was fixed by M. Beau- 
teDipa>B;.'aopre himself, after the difficult and dangerous exploration of the 
RoAeS'Daucrcs at the entrance of the Briti::^!) channel. His character, his long 
experience of the sea, his solicitude for the public good, conspired, with the 
intrinsic u i-dnm ot" his counsels, to secure thoir foustant adoption. Kvon on 
his dcilh-lx d Uis ihotiglits wen" sfill occupieti with the inu resl.-s and dangers 
of mariLime enterprise; and if iiu manifested a .sensibility, it was to the ajfsur- 
snce that the member of the commission of liglit-houses had completed the 
work of the hydrographer, and that thenceforward all important questions 
bearing on the lighting of our sea^coast wore resolved. 

'Whatever related to the sea interested iiim to the last. In a comm!.-"<ion 

was» appointed to iiive»tigate, under tlie direction of jM. Dumas, certain 4|Ues- 
tions touching the existence of the taugue, a product of marine origin which the 
sea thjn>ws' up at t)ie entrances of certain rivers of Normandy and Brittany. 
A^culture dreaded the disappearance of this fertilizer. The commission, de- 
sii'ous of consulting M. Beaut emps-Beaupr^ on this production of shores which 
he had so thoroughly explor( d, repaired in a body to his residence. 'I'lie aged 
navigator recovered nil iiis animation in speaking of places whicli he had SO 
often vi.-i ted : " We know not," he ^aitl, " how the tangue is reproduced at 
those points; it is the Juwl w/dc/t la^^ golden eggs ; it must not be iutcifered 
with." 

In the presence of the great spectacles of nature, M.Beantemp8-B tu pru had ' 
oontracted a taste for natural history. If he did not cultivate it himself, he 
zealously aided those who did. In the expedition of d'lCnfrecasteaux he had 
forrae<l intimate relations with its botanist, 31. de la IViUardiere, and it was he 
who brought to France the huuuuiul fiautiluji ci/re now in the Museum of 
Natural History which was bequeathed to the government by M. de KermadeCt 
captain of the Esperanee, on his death in New Caledonia. Many of our col- 
leagues recall with sensibility the cordial and obliging reception extended to 
them on onr coasts hy M. Bcautemps-BcaupM^ whUe prosecuting his own 
arduous ]i ydn»;^raphic labors. 

Jleared among the savants of the close of the eighteenth century, he had pre- 
served that almost religious respect for scrance which was one of their dis* 
tinctivo characteristics. Hence the dignity, united with friendliness, which per- 
Taded all his relations. " He was," said the Marchioness de Laplace, whose 
remembrance is itself a eulogy, "a man of an antique character," He possessed 
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that elevation of sentiment which Plutarch so well knew how to paiuL. Reverses 
of fortune, which would have overwholmed another, were eneonnteied hy him 
with stoic iirmnesB. Involved at an advanced age in the failnie of a hanker,* 

he lost by that event the savings of his whole life ; but he contented himself 
with saying afTrctionately to Madame Bcantemps-Beaiipre, "Tliis event, my 
love, makes us younger by thirty years," an exprepsion which support d in her 
an elevation of sentiment e^ual to his own. Few miuriagcs, indeed, have been 
80 happy a8 that which he contracted, in 1804, with Madame Fayolle, widow 
of a commissary general of marine. Both were nearly eight}' ^v lien death tepa- 
rated them by the removal of the wife; it was the lust cloud which had dark- 
ened their union. 

M. Fayolle, issue of the first marriage of Madame Bcautemps-Beaupit, (omui 
in our colleague a second father, and, as hydrographical engineer, was for many 
yean one of his most diatingnishcd and nseftd assistants. 

M. Beantemps-Bcaupn* had always had a weakness of the hreast ; at the ag« 

of eighteen some physician r< had even augured an early decline. When ho 
embarked to take part in the expedition of d'Entrecas^teaux, it was generally 
thought that he would never again see France. Thia prognostic wa?* fortu- 
nately falsified ; bat an obstinate cough attended his whole life, and iu later 
years sahjected him to much annoyance. 

It will scarcely be forapotten among ourselves that, at our sessions, he was a 
model of punctuality, lie signed our record the 23d of October, 18o3, but 
thenceforward wa.i forced to renounce hi.^ attendance. This jirivation, and the 
offerings which ocCiii4iont;d it, he bore with a resi<juation lull of cheerlulness. 
One of our colleagues having cidled to see him, anu expressing the hope that a 
Strong constitution would again restore him to us, he replied with a smile, ** I 
am duly sensible of your kindness, but I shall soon be eighty -eight." Firm in 
a Chi i t Ian faith, M. Beautemp^-Beaupre accepted death without a murmur. 
"Let u- nnt r< pine," said Admiral Banditi at hi:^ ppavc. that, in subjecting 
him for bc vciul nionths to the supreme trial of exee«5>ivc r-iilicring, God ailWded 
him the opportunity of setting an example of re.^igiiation and tmalterablo 
serenity." 

lie expired ^fareh IG, 1S5 I, surroimded by a devoted family, which numben 
two inheritors of his distinguished name — ^1. l^ierre Beautemps-Beaupre, presi- 
dent of the Chamber of Commerce of Grandville, arid 3f . Cliarlo? Benntrmp?- 
Beaupre, imperial procurator at Mantes. In this Academy he succeeded M.de 
Flcurieu, hi& master and friend, and has himself been succeeded by M. Daussy, 
who, from 1811, had been his most constant collaborator, and who efficienuy 
contriboted to secure to the hydrographic survey of the coasts of France 
geodetic bases of irreproachable precision. 



*The banker, who WM his relative, mi^.'^lit )m\ o Ik id proeecuted for frnudulcul bank^ 
roptcy. SI. Ileantc!iip<-Iin(iupr6 throw in ihe litu the only paper which louM ]i,iVo pro* 
cxued his cuuUuuuuuuu, ttujUig, "it i» uui 1 who will over U> iiutnuuiiutul iu disgracing a 
nlatiTe." 
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•*Tho principal advantage of academics consists in tho philosophical Rpirit naturally cn- 
ffcudc-ied by them, which spreads itself throughout society, and extends to all olyects. Tho 
Swifted iiKiiiirer may rosijjn himself without tear to tlio spirit of system ; ho only hears afar 
off the coiiiiailiction which ho incurs, lint in a learned so<iety tho conflict of systematic 
opiuiuui suuu results in their overthrow; and the desire of being mutually satisfied uccessarilj 
QRtablishcis l>etween the members an agreement to admit nothing but tho results of observadon 
and calculation. Hence, as exi)erience hus sl^wn, Inio philosophy has been generally dif- 
fused since the ri>e of academies. 13y setting tho exiunpio of subjecting everything to tho 
Muunination of a rigorooB analysis, thev have diflsii>at(;d tho f)reju<lices which had too long 
tyrntini'/td in tho sciences, and in which tho best intelUnits of preceding ages hatl shiucd. 
Their um liil influence over oj)iniou has, in our day, dispelled errors which had been received 
with an enthuf^iasm that In other times wotiid havo perpctuate<l them. Equally exempt from 
the credulity which would admit everything, and the prejudice which f]i<i>OMes to tho rejection 
of whatever departs from received ideas, these enlightened bodies have always, in difficult 
qnestJonSt and w^ith reference to extraordinary phenomena, wisely awaited the answers of ob- 
pervafinii mv\ experiment, u hu h llicy h.ive lU the Kanre time solicited by prizes aiul by their 
own labors. Fruportiouiri^' ibi ii juipuciuiioii, as well to the mugnitudo and diliiculty iA' a 
diflOOTBiy as to Hs immediate utility, an<l convinced hj many examples tbot the most sterile 
in Api>ear«Jice may «<onie day lea<l to imptvrtant consecpjenccs, they have encouragf d (lio ro- 
searcli tur tiiuL in ri-giud to ail objects, widi iIh- i xi hision of those only which the limiki of 
man's understanding render forever inn< ( l->'.Ii1o. Finally, it is from their bosom tliatthoso 
grervt theories have arisen whoao generality places them beyond tlie common rrnrh, and which, 
»iprwiding themselves by numerous applications over nature ami tlto lu ts, have become iuex- 
hau.stiblo sources of light and fraition.. Wise governments, convinced of tiie utility of taeh 
»oc"i;t'« s, niid rnn>iilriin'^ fhem m otk" of the principal fomiiliitinns of the glory and prosperity 
of cmpiu\-«, Lu\u nut only ins; iiuu d iln iii, lau uttaclud tlieui to their owu service, that they 
might derive from them that knowli d^e \v hich has often proved of the highest public advail- 
tage."— (LapJace, FncU dt VUitUnn de VAtlronamUf p. 99.) 

" The (lcv( lo|uiieiit and advancement of science," it has been remarked, "are 
eignally indebted to lliree among modern assoeiations ; the Accad< n.ia del 
Cimento at Florence, which endured, however, hut for a short time ; the JJoyal 
Society of London ; and the Academy of Scienccii at Pari.'*." The first of tlii «o 
was e.-Jitiihlished in lt>o7, under the patronage of the Grand Duke Ferdijiand 11, 
acting upon tlie advice of Yiviani, tne great geometrician. The name adopted 
bv this society impliea as ita object«tbe investigation of truth by experiment 
alone, and ita members, whose number was unlimited and included tlie distin- 
prtii;^ii< (1 nnm^'H of C'astellio and 'rnrrieclli, were h( Id to no other ohligation but 
an abjuration of all authority and a resolution to iiKjuire after truth, witliout 
• regard to the doctriues of any previous system of philosophy. iSor did the 
Academy p;ias awajr without leaving a record of its labora. A volume, con- 
taining reports of the experiments made under its auapicest was printed in 1€66» 
including, with many others, thoi^e on the supposed incom press ibility of water* 
th(} universal gravity of bodies, and the property of electric .^uhstaner!?. 

For En^hind, after Italy, is claimed a prinrityiii the iVainal inau^niiatiou of a 
similar and purely scienliiic association, and the date of the establishment of 
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the Royal Society', which ia refcn-cd to lOGO, cei Uinly prccetletl by fix years 
that of its French rival. Bnt, independently of tbo consideration that tlie 
period had arrived when the Btato of oxperimcntal science urjjviitl}- demanded 
the realization of those Splendid vi.-iions of associated activity which had long 
befon- kii:'ll( (l tli<« irn.';^ri!:atH>n of Ijacon,* tli<' rliionoldr'ic il «.ri;fiii f>f the illtis- 
triouj* bodii 3 in «|m-htion icf ii)\ idved in fioiuv. ob~i r.) ity in t (>n.-r{jiu iicc ol their 
prcviouH existence as jjrivatu and apoutuueoiw reunii>n:5 o/ certain learoed men 
of the a^(>. Hence the title of the " Invisible CoUegr,'* which we find applied 
by B07I0 to the future Royal Society, while as yet it existed only in thie in* 
choate 8tatc« a period of which the following passages convey to ns some inter- 

"About the V'-ir 1015," Fnys Dr. WaDi.-:, '-while I lived in London, (at a 
time when, by oiir civii warrf, acadeiaiciii bludiet) were much inic rraplcd in 
both otir universities,) besides the conversation of divers eminent diviuesj as to 
matters theological, I had the opportunity of bein^ acquainted with diven 
.worthy persons iiKjnir'itive into natural philosophy and other parts of humaB 
learning, and particularly of what hath been called the New Phtlimtphy, ot 
ExjH'rimrntal Pfiilumphy. We did, by agrec^ment, (li\'er:« of m; ' r weekly 
iu Loiidun on a certain day, to treat and didconrse («!' !<ne!i in;itt« i.-. < )(ir liusi- 
ueaa was (precluding; matters of theology and state utiuir:?) tu di.-coui .-*e aiul con- 
sider of philosophical inqniries« and snch as related thereunto, as physic, 
anatomy, geometry, astronomy, navi^tion, statics, magnetics, chymica, me> 
chanicH, and natural exporimenta, w ith the state of thei>e ntudies as then v\i\u- 
vatcd at home rmd abroad. Wr then discoursed oi' tho arru/adon of the hlood., 
the ralfv.^ m (hv rtim, the vciut lactCfP, the J iimjihat"- rr^seh, fhr ( ftp'Tnican 
htjpol li'His^ the nature of comets aiul new stars, (he mtcliitcji oj Jupttcr, the ucal 
»haj[)e (as Was then supposed) of Saturn, the .spots on tJtc sun and it* taming 0% 
its oum axist the ineqtutiiHes and ^envi^ruph f/ of the moon% the teternl phiuet 
of Venus and Mtrcury, (he Improrcf/iciU of telescopes and grinding of glasset 
fur that jturpose, the weight of air, the pmsiltilitij or impossibility if racuitiea 
and Kdfifres ahhorrence therrtf the Torrieellxin e.rpcrimcnl in ijuii ksilrcr, the 
den nf if heavy bodies and the dtgnes of acceliyafnu therein, and di\-<'ri* other 
things of like nature, Bomo of which were then but new diacoveries, and othura 
not so generally known and embraced as now they arc." 

For t*uch a candid and ini passionate company as that was," says Dr. Sprat, 
in his History of the Roi/n/ Society,*' aud for such a glminy sea.son, what coidd 
have been a better Bubj* ct to |-itc li upon than liatin.il philoj?o])!i y ? 'i'o h.tve 
been alwayt* tos.sin<j nbonr .^-umc tlieulogieul question w ould lirne been to make 
that their private divemiun, the excels of which they tlicm.selvcs dishked in 
the ])ublic ; to havo been eternally musing on civtl lusmete and the distresses 
of their country was too mclancholv a rejection. It was nature alone which 
could pl( anantly entertain them in that estate. Their mcetin<;tf wt re frequenl 
as their aftnira perniift( d ; their proceeding.*!, rather by action than discour^r. 
chiefly atlendiuL: .-oiiic Jiaiticul.ir trial- in chemistry ov jnrrlanirs. They had 
no riUcs nor nielliud iixcd ; their iuleniion was more to couiniunicate to ea*:h 
other their ddseoverics, which they could^ make in so narrow a compass, than • 
an nnited, constant, or regular inquisition. Thus they continued, without any 
great intermissions, till about the fatal year 1G5S, when the eontinuanre of 
their mcftinp-x might have made them run the hazard of the fate of Arelumedes; 
for then the pkce of their meeting ^Greaham OoUcgc) was made a (quarter for 
soidierw." 

"There arose at this time," says Dr. Whewell, alluding to the period aut©- 
oedent to the epoch of Newtont **a group of philosophers who began to knock 



* Seu iJuu " JScw Atlantis, " of Lord Bacon. 
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at the door where truth was to be found, although it was left for Newton to 
force it open. Tbeae were tlie fbanders of the Royal Society." ** Tbo men tvho 
formed the Royal Society," eayn Bibhop Burnet, " were Sir Robert Moroy» 
Lord Brouneker, a ))rofoiiiul matbematiciaiii and Dr. Ward» a man of {^^reat re> 

search, and so (loxtrron?! fli.it liis siuecrity was much qufHtioned. litit Ik' wljo 
labored nin.-t, at ilic jri <';it» >t (•liar*;^^, and wifli tlic most .^uccct'B at. rxj-rrimonts, 
was the lion, ikoberl iiuy lu, u devout Ohri;itlaii, iiuiuble and laudet^l almost to a 
hsh," Among other names connected with tbe Society in its earlier t>tage, or at 
tbepoiiod of ittj formal organization, and .still memorable in eeic-nco, literature, or 
the arttf, m i y 1)0 di.stinguished those of lii.-^hop Wilkin^, Sir Kenclm Digbyt 
Evelvii, Denhani. TLirke, Covvicv, Willit*. Wren, AhIhiioIc, tVc. 

" Tiie iirst journal book of the Society, a [li iiii uiipn'tendinj; voluiu lM)Uud 
iu basil, yet dedtiued to receive great names uud lu be the record of important 
adenttfie experiments," opens with the date of November 38, 1660, and witb 
tbe proceedings of a meeting which may be regarded aa oi^anic in relation to 
the form and permanence of the Society. Here it woe d( h i mined that meet- 
ings shoi^d be regid uly Ik Id every Wednesday duriif^ tnia iiiu« •, tint a con- 
tribution of t^'U sliilliii-s on admlH-'ioTK and of onr r-Liliiug weekly, Bliouid bo 
levied on each member, whether present or abnent, as long ad he should pieoite 
to maintain bis connexion with tbe association, and a list was formed of tbe 
names of 8uch persons, known to tboao present, as were judged willing and fit 
to unite witb them in their de.->ign. At a Bubsequ^t meeting a committee of 
three or more (at» occasion miadif porniif) was empowered to frnme n enn?titn- 
tiuiK \\ hieh was gubmitled and adopted at a general meeting on the J^tii of 
December following, liy this, the standing oflicera of the Society were declared 
to be tbrec : a president or director, a treasurer, and a register ; the first to be 
chosen monthly, the two latter annually. An amanuent^is and operator are 
styled " servants belon^ng to the Society and reei Im salaries, the former 40, 
the latter 4 ])ninul^» per annum. The stated number of nu niber^^ wiif fixed at 
fifty-hve, Willi pernrwf'ion tliat all pcr-ons of the degrees of baion or above 
might, at their choice, be adiuiited as supernumeraries. It wad piuvuied that 
no eandidate should be elected the same day bo was proposed, and tbat at least 
twenty -one members should bo present at each election. For sucb election, 
tbe amanuen.^is, it is ordered, shall provide "several little scrolls of paper of 
ef|uni length and breadth, in number double to the Society prenent. Uju -half 
of them shall be marked witb a cross, and beiiif; rulh d up shall be laid in a 
heap on the table; ihc other half shall be marked wiili ciphers, aud being 
zoUed np sball be laid in another heap. Every [lerson coming in bis order 
sball take from each heap a roll, and throw which be please privately into an 
nrn, and tbe other into a box. Then the director, ajid two otherB of the 
Societv, openly numbering the crossed rolls in the urn, nhall accordingly pro- 
nounce the election." Two-thinls of tho^e voting were necessary to a choice. 

The Society having included, as wc have seen, two poets, Dcnham aud 
Gowlcy, among its members, was fairly entitled to a greeting from tbe mnse. 
Tbis it received through the ingenious pen of Cowley» in Tcrses whose philoso- 
^hical truth as well as originality of illustration may perliaps still justify 
quotation. After deploring the fate of philosophy, whicli f ir thrive or four 
lhousan<l yens had been kept by unwise or di&houcsl tutors iu a Bt4to of 
nbimge, ho tells us : 

Bacon, at last, a inig^hty mau ! arose, 
Whom a wise kin(2^ uud Xaturo choM 

Lord e liaiiecllor ol both thc^Ir laws, 

Aud buitiiy iuiUerUx)k tixo uniur'd pupil's caoMb 
♦ • # • • • • • 

From tho lonjr erroTB of the way, 

lu whicli our wandcriug proUecottSors went. 

And, like tbs old B^iwws, many yean did sti^y 
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Id detertt, bat of small «ztanl» 

Biicon ! like Mo^>C8, U'«l ns forth AllMt 

TLe barren wilderness bo paat'd— 

Did on the very border etand 

Of the blcsa'd promisM land. 

And from the mountain's top of bis exalted wit, 

Saw it himself, and show*d ns it. 

If tlio jKK't li.'is .«omewlmt overrftatcd the claims of Lord Bacon as the lu r.ild 
of experimcutul philosophy, he seem:} to have beeu gifted with a clearer vibiou 
of tlie (btnre adueremeiits of tbe Society, which he thus apostrophises : 

From yon, great champions 2 we expect to get 
TlMse spadons eoontnes but disoorei'd yet ; 

Countries wlu ro yet, instciiil of Naton^ WO 
Uor imaffo and her idols worsbip'd see. 

Kew icc nos of lioavcn already wo. o<?py, 

And crowds of golden worlds on high, 

Whidi from tlie spacious plains of earth and iM 

Could iiovcT yvt ifiscovor'J )«■ • 

By sailor's or Chaldean's watchful eye. 

Malme's great worlu no distance eaa obsem^ 

No amallness ht*r near objects can secure: 

Ye'ave taught the curious sight to press 

Into the pnvatest recess 

Of her innK'n ( ptiMo littlenesij ; 

Ye'avo letwru'd to read bcr smallest hand. 

And well begnn bar de(>post sense to onderalaod. 

Cowley possessed other claims than merely literary ones to scientific felloir* 
ship ; he had taken a deeree m medicine and written, elegantly at least, on 
plants and trees. He had besides, as Dr. Sprat assures ns, acceleratod the 
foundation of the Boyal Society by the publication of a. pmpoiiUtm for the ad- 
ftanrement of experimcnfal j>JtilositpJi if, \s liieli i-i ?till found among works, 
and tboii;j:h the form nf his pro{ii>><'d eollc^t" was not adopted, it cannot be 
denied that he has comprehen!*ively, if (quaintly, stated the objecta to which 
snch an institiitioii wotita necessaruy he destined : *' To weigh, examine, and 
prove all things of nature, and detect, explode, and striko a censure through 
all false moneys, with which the world has been paid and cheated bo long, and 
(a8 I may f»ay) pot the mari< <if flu- college upon all true coins, that they may 
pass hereafK r without any tiirther trial. Sj'condly, it will n eovi r the lo.-t in- 
ventions, and, as it were, drowned lands of the ancients. Thirdly, it will im- 
jmnre all aria which we now have, and, lastly, discover others whteh we yet 
luiTe not." % 

It cannot but afford a curious insight into the state of natural knowledge at 
this e.arly stage of the labors of tlio .'^Meiety. if wo glance nt the mminer in 
which it proceeded to deal with the currency nf which Cowley .^pi ak^', in order 
to explode what was spurious and accredit what was genuine. With this view 
a few entries from the journal are hero given : 

*• Dr Clarke was eutreated to luy before the Soc iety Mr. IVllin's relation of tho prodactioo 
. of youuif vijiors from tho powder of the liver and lun^r?* t»f vipers. 

"Sir Gilln rt Talbftt proniisi d to briii'„' in n liat ho knew ot svnipntheticall cnres. TVms 
that had Huy puwdcr of eyuiputhy weru desired tu bring some oi it at the next meeting. 

The Duke of Huekin^^haiii promi.Hed to cause charcoal to be distill'd by his cbymMt, and 
lobrin;^ into the So<'i( fy a pii'c«' of tmieorne's hnni. 

•'Sir Keuelui Digby related that the calcined powder of toads reverberated, applyed fa 
baprfr<*s upon the stomach of a pestiferate body, cures it by several q>plicatioilS. [Digby 
ddrtrhN d in tho mMrvelloui, and it suiJ tu have fed his wife OH capoos fattened with thia 
flcj^h ot vipi rs, in order to oroserve her beauty.] 

" K circle was made witn powder of onicoine's home and a spSer sot in the middia of 
but it immcdiatelj Mtt oiil sevarall times vqieated. The spider oApe made wnne slay opoa 
tho powder. \ 

••AlattirwasiatradnesdtiHtiBgof apotiifitdoltyaadits iahrtrflMas.'' Aa., Ae. 
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Other entries there are undoubtedly, and in greater number, which <Low that 
the spirit of inquiry was rapidly finaing its true directi9n: Investigations of 
the mechanical properties or the air, hy Boyle ; experiments with the ndii- 
Imn, by Sir-ChriHtopher Wren, who is said to have first suggested its oscilla- 
tions as a standard of measure ; ohservatioiis on the *' anatomy of trees," by 
Evelyn; iiL-lructions for the guidnncn of curiou.-? obsen'era "in tlie rrmot''st 
partB of tlm wijild/* Even what now seem ludicruub teiitatives with the pow- 
der of toads ancTvipers, or frivolous inquiries respecting the witch-hazi 1 and 
BtUl more 'wondieMl Lepas anati/era,* itisraore Ju8t to regard as obi igaioi y and 
conscientious efforts to bring the questionable opinions of the day, however 
trivial, to the assay of direct experiment. The time will probaMy not soon 
come when science can claim absolute exemption from like humlile i iimr? ; not, 
at l9a8t, " While," to borrow the words of Sir Thomas Brown, •* ihr .sj)irit of 
deiuteiuu, though expelled from his oracles and more solemn temples^ still runs 
into comers, exercising minor tntmperies, and aethig his deceits in inferior 
seducers." 

The Restoration, in diffusing a general sense of permanence and security, was 
biirhly favorable to the objects of the a^'r'ociation, and Charles II had enough of 
curiosity, perhaps of wirt(h)ni, to look wiih a patronising eye on iiKjuiries which 
threatened to interfere neither witli his iudolcucc nor pleasures, lie held suudry 
communications with the philosophers, and even proposed subjects for investi- 
gation, before proceeding to what has been uncharitably called the only wise 
act of hU reiglt-^thc incorporation of the Royal Society. 

In the instrument by which this was effected, the King, after protesting his 
?eri] for all learning, especially for those studies which aim by solid experiments 
In ^f like out isomething new in philosophy, or bring to perfection what already 
exujts, (novum extundere jihilusophiam aut cxpolire veteremtj declares himself 
founder and patron of the Society, conferring on it the name of the Boyal 
Society of I<ondon pro wieniia natural i promovemda,^ 

Its govenimeut is deposited in the hands of a president and council, to the 
number, Including the president, of twenty-one, all of whom were, in the first 
instance, nominated by the crown. For the succession, it is provided that an 
election shall annually take place on St. Andrew's day, in which a preaideut 
shall be chosen from among tne members of the existing council, imd ten of this 
latter body shall be removed, and their places supplied by others; on which 
occasion not less than thirty-one members of the Society shall be present, (the 
president or his deputy being always one of them,) and a majority of that num- 
ber shall determine the choice in each inBtancc. Other officers of the Society 
are a treasurer, two secretaries, two or more curators of experiments, one clerk, 
besides two mace-bearers to attend on occasion upon the president. l*ower is 
given to the president and council to make from time to time such laws and 
oidinanccs as nhall seem to them useful and necessary for the better government 
and regulation of the Society ; and grants of certain pieces and parcels fpcciot 
et parcello.fj of land, of no great extent, are made to the learned body, to be 
held of the crown by the tenure of free and common soccage. A somewhat 
singular concession is that which authorizes the Society to demand the bodies 
of tttch executed criminali as may be desired for dissection— a drcumstanee 



* till Kob«rt Moray, first prosidont of thQ Koval Societj, sij^alized the meeting at which 
he WM elected by presentinf; a paper relating to Mfnac/e^, iu which ho affirmed that bo bad bim- 
s< ir seen, in the western isles of Scollaiid, trees to which were attached multituJi s of shells, 
each containing a small but perfectly bhapt^d tiui^fuwl, or solan-goose. He candidly cuuftiii&eB, 
however, that be did not see the products of these extraordinary limpets alive. 

t " The epifbnt nrrtumf.'" yny l>r P;iri«, in bis Life of Sir Humpbrfv Davy, "was here 
intended to iuiph' u mcamug ot wiiieh ti w {H-rsons are probably awaru. At the period of the 
establishment of'^ the Society, the arts of wltchcrall uud divination were veiy extensively en- 
oooragsd, and the woidnatiusl wss thoietbn 
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pointing perhaps to tlic large proportion of medicnl men wliich entered at that 
time into the association. Finally, it is provided that if abuses Bhonld occur or 
dissen^^ionf arise, the *ArchV)i?liop of Cfinterbury and «-<Mlain lnp"!i nflicors of 
etate siiall ho invested with powers lor removing such abubcs and deciding sach 
controveieictf.* 

The first president of the Society, after tlie incorporation, was Lord Bronacker; 
the aecretaries. Dr. Wilkins and Henry Oldenburg; all appointed by the cnrwn, 
'*Sonie idea may lu- formed of the activity of (he Society nt this period by the 
following list tit ci^xht committees appointed on the aOtli March, IGGI: 1. 
Mechnnic;?!. couriHtin;^' of jsixty-ninc iiieiiibers. 2. Astrononiirril nnd o}>tic:d, 
fifteeu members. 3. Anatoiiiicul, con^finting of Boyle. Hooke. i>r. Wiikin.-*, and 
all the physicians of the Society. 4. Chymical, comprising all the physictaiB 
of the Society, and seven other Fellows. 5, Georgical, consisting of thirty-two 
membrrs. G. For histories of trades, consisting of thirty-five membcrHi. 7. For 
collecting all the phenomena of nature liithf rto observed, and all cxperimenta 
made and recorded, consistinsr of twenty-oncnKinbers. 8. For ^orre^;pondenee, 
consisting of twenty members." Ultienbnrg, about this lime, received, a-j he 
tells 13()yle, the agreeable assurance from his correspondents in Paris, that "the 
English philosophers were doing more for science than all the other Dations of 
Europe, as well in earions and detached particulars as in the great works giv«tt 
to the public." 

'J'he labors of the Society were destined to be soon interrupted by the planrtte 
of l(>(i5, whicli (htivc tlie members very generally from L-imlrui. Oldenburg, 
however, remained at iiia post, and continued his correspuiuiencc on scientific 
matters during the whole period of the pestilcnee. When the meetings of the 
Society were resnmed» the sources of the late calamity became naturally a sitb- 
ject of invest! l; .u ion, and on this occasion the an imalcular origin of the epideoio 
was suggested. But " the vf rmination of the air as the cause of the plague** 
was pupposed to luo e recei\ ed its stronjr'^pt confirmntion in It;ily, ■where Dr. 
Bacon, who had long practiced physic at Knuie, was s;ud to havr observed that 
*• there wad a kind of insect in the air which laid eggs hardly discernible with- 
out a microscope; which eggs b(;ing, for an experiment, given to be snuffed up 
by a dog, the animal fell into a distemper accompanied with all the symptoms 
of the plague." Ilooke, however, had observed that, during the summer in 
question, there wa:-<, in I^ndon at leapt, a very great scarcity of Hies and in>ectp. 

A fJoct'nd iiUcrruption of the meetings was occasioned by the "great tire" of 
the folio wing year, for, though the apartments of the Society in Gresham Col- 
lege escaped, that edifice was required for the purposes of the eorpomtioii of 
London. A removal of the meetmgs to Arundel House, at the invitation of 
its ownori led in the sequel to u donation of his valuable library, wliich thus 
becam<' the nucleus of that of the Soriery, The rollectinn c nsi.-^trd of 3.2S7 
printed bookt*, cliielly tirst editions after the invention of printing, besides 644 
volumes of Hebrew, Greek, Latin, Turkish, and oilier rai*e manuscripts, of 
which the greater part, of both classes, had been purchased in Vienna by an 
ancestor of the noble house, and comprised the curious and costly collection 
fbnned l>y the celebrated Matthias Corvinus, King of Hungary. About this 
time also the foundations of a museum, or "collection of natunU things," was 
formed, w hieli, it will not surprise u^< to be told, comprised, nmon^ (»ther artick'S, 
"the stoiM'S taktu <nit of Lord Balcaries's heart, a bottlf tiitl ot >t ij;'.- tears, a 
petrified lish, the skin of an antelope w hieh died in iSt. ,Janios'.- park, a j»etrilied 
foBtus/' and other equally extraorainary objects, which the langunge of thoace 
not unaptly termed " rarities." The rival museum of the Tradct^cants alreaoj 
contained '* two feathers of tho phosnix tayle" and *' a natural dragon I** 



* The dmrtprs iiii<l Rtatutos of the Roriofy nmy l,r ^t vn i\t tarp-c In (lie npiK-ndlx to Wri.D's 
History op tue Uoyal Society, u letuueci aud iuunvoLiug work, ou wbu6« ttutuuuouta tbe 
pment bri«f acooiuit it fonnded. 
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A sabjeet wIiicIl at thu tioie attmeted general attention was tBe tremsfusim 
ff hhtod from the vebs of one animal to those of another as a means of restoring 

health or prolonging h'fc. As usnol* the most cxtravngnnt expectations were 
indiilcrf'd hy tho unreflcctiDg in rcgnrd to tlio < fTRacy of this process, and the 
Society, ri<^hUy jmlg-inir the vcrificaliou of its virtues to fall within their domain, 
after trying v,\{\\ impunity the experiment of transfusion on that customary 
victim of fccientitic curiosity, the dog, set themselves in quest of a human 8uh- 
jeet for further investigation. It was first proposed to try tho practice upon 
"some ^ad pcr.son in LedKim," prohably witit a view to t^st th(^ < iVects upon the 
mental as well as bodily c.-mi: y, but the phjrsidan in charge of tho ho^'pital re- 
fused hi? assent. A poor stud: iit \\:\*, howovfr. soon fomid, v.lio, for the price 
of a rTiinea, consented to niuls i^^d the operation, and indicated a slieep as the 
animal w hose blooci he was willing to receive. The experiment was conducted 
at Amndel House, in the presence of the Society and of other distingnishcd in- 
dividuals, and was attended with such encouraging circumstances as to lead to 
its repetition some weeks afterwards, on which occiision eif^ht ounces of Innnan 
blood were taken, and about fourteen ounces of sheep's blood injected. The 
patient, we arc told, was "well and mrrry" after the operation, his pulse and 
appetite b< iiig better than before, but ret^pecting the permanence of thi'se pjood 
results we are left somewhat in the dark. The condition uf the patienl'n mind, 
u well before as after the experiment, may bo jndged of from tho mystical 
reason he assigned, when auestioned why he had elected to have the blood of 
a sheep toansfused rather than that of some other creature : Sanguis nvts sym- 
Mtr/f/n quandan fan/If atcm Jiahct cum sangiiine Chri.^ti, qvin Chrisfu^ est 
jignus Dei. 'J'h*- .Society had thn^* far root with l>i'tt< r tortimr' ili;ui .^onie of the 
cotemporary incjuirers iu both Ciermany and France, w here dcuih had in more 
than one instance been the result of similar proceedings, cxposiog those who 
oondneted them to the danger of prosecution for manslangltter. Tidings of 
these disasters at once turned the current of public opinion in England, and led 
to the ril>andonment of further investigation on the part of tlie >av;njts. 

There e.m be no don^t tlmt the in(|uisitivc spirit of the Soc u ty, thon<jh often 
directed to bubjects which no longi'r appear cither dignided or important, had 
already exercised the happiest inUuence on the course and habits of public 
thought. Inquiry was propagated, and a salutary scepticism everywhere man- 
ifested its eiieroacliments on the domain of popular delusion. Under this point 
of view, tlie historian of the Society is ju-tified in signalizing the fact that 
although "during the civil war-s upwards of eiirhty in(li\ idii ils were executed 
in Suffolk nlone for supposed wilchcr-ift. tliere were but two witch* s ( xccuted in 
England alier ihc luiyal Society published their Transact iansJ^ A body which 
•t once prosecuted researches on the theory of eclipses, the nature of comets, 
and tho causes of pestilence, could afford but little countenance to the wide- 
spread delusion whieli associated the last of these phenomraa in some m} ^'te- 
riou.-=> concomitance with the two former. When eveil the gcrupulons Boyle had 
thought fit to give fo one of his scientific trrntir^es tlie title of The Sceptical 
CAemist, there could be not much hope for alchemy and its attendant frauds. 
In other fields, too, the habits of philosophical speculation w hich, if the Royal 
Society did not introduce it; at least cfTectnally jfromotcd hy influence and ex- 
ample, gave rise to reforms which, as Buckle remarks,* rendered the reign of tho 
mean an^ spiritless voluptuary Charles 11 one of the brighte.^t rpochs in tho na- 
tional annals, with reference to laws then passed and principli - then eftaldi?hed. 

The 7.t';d of tho Sof'iefy for ftivfhering and sliiiiidat in;,'^ cxpei iment;il iixjuiry 
was manifested at an early period by the adoption oi a resolution *• that Auch 
of tho Fellows as regarded the welfare of the Society should be dcsurd to oblige 



•History of Civilization in England, vol. I, p. 275. 
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thcmsclyes to entertain !t> onee a year at leastf wttb a philoflopbteal dJaocnuaOb 
groanded npon experiments made or to be made ; and in ease of fiuinre^ to for- 
feit £5.'* This \o\m\tsvry engagement on tlic part of FellowB, deemed 

and likt ly" to furnish euch di.-conrj'cf, wns at tlie same timo mado an impcmtivo 
obli^uiioti ou each member of the i xi.-tiii;; cduncil. For o\u\ the indcfatipiblo 
Ilooke ia recorded iu the jounial-book an haviug produced new cxperimenta 
and inventiona at almost erety meeting. Au agent was salaried to travene 
England and Scotland in search of aoological and botanical epecimens, and this 
at a time -when a default on the part of many members in the payment of the 
weekly sub?cnpt!nn liad fo cripj»l( d the rcaourccf of the Socirty as to render 
even its existence jm carion.-j. An active forci«?n corrc-jiondencf- liaJ njntri!>uied 
to BGCore to it an inducace abroad ecorccly inferior lo that which it enjoyed at 
home, as was testified by the learned of Europe, among others by LcibnitSi 
Maipighi, and Leuwenhoeck* in the dedication of their works to the Soctel^, or 
a submission of their labors to its judgment. It is a coincidence not uuwortbj« 
perhaps, of notice, that about the time "uhen "one ]\Ir. Leuwenhoeck," as we 
tind Mm called iu the correi?pondence, recommi luh d to the notice of the Society 
his improved microscopt*, by the assiduous uae of which he eventually arrived 
at the distinction of being esteemed ** the Ibther of microscopical discOYeries," a 
"poor Cambridge student*" named Isaac Newton, pi-eseuted to it his reflecting 
telescope, the first perfect reflector known, and made by the hands of Newton 
liimHelf."* Thus science was pimultanoons»ly endowed with the perfected means 
of realizing botli tennf of Cowley's poetical prophecy — the n< nation alike 
"of the crowds of goldeu worlds on high," and " Uic rccessea ot nature's imper- 
ceptible littleness." The presentation of the telescope was soon followed bj 
the adoption of the inTcntor into the Society, the year 1671 being the date of 
the accessiou of the great philMpher, destined, in the eloquent language of Dr. 
Youn^i:. " to advance with one gigantic Stride from the regions of twilight into 
the noouday (>( science." 

From this period the history of the iioyai Society becomes so thoroughly 
interwoven with the eeneral htstoiy of science that it is manifestly impossible, 
in a sketdi neoessaruy confined ^^ithin the narrow limits of the present, to do 
more than touch upon a few prominent points illustrative « ither of the progress 
of the Society or of the knowledge which it has cultivated. 

On the Sih of February, 1671-'72, Newton conTmnnicated to the Society hii 
iuvefitigatious respecting light, reimctions, and colors, importing li^ht to b« 
not a similar, but a heterogeneous thing, coneieting of di£fonn rays." For these 
discoveries the anthor received the " 8f>lemn thanks" of the Society, at whose rc- 
qu^t they were j)nbli6hed in the Philosapldcal Tranuiction*, being the first of 
Newton'?? productions which saw the li<rht. Hi? experiments had been made 
in H)C,G, when he wti» uidy twenty-three y( ar.s of a^'(\ Ko sooner, however, 
Wiia his theory of light g'veu to the world than it was vehemently attacked, 
both as regarded his conclusions and the accuracy of the experiments from 
which tfiey had been deduced; IIiK*ke and Ilnyghens appearing among the 
number of his ass^ants. So true is it, as JJiot has remarked, that by un- 
veiling himself Newton obtained gloiy but at the price of his repose." 

* Newton's telescope, sttys Weld, was tho Brst roflo^'tlng tekteopo directed to the hearenA, 
thou^'li .Iiinics Gruffory bad previously (ir<r.:») described the manner of construe ti if one with 
two couciivo specula. Newtou perctived no ^^rt at di»advuntagcs in Gregory's plan, tlint, a«* 
eording to his own statement, " he foond it hk t ^Miry to alter the dt^sign, and place the eyi^ 
glaas at the side of the tub* , rritbcr tinui nt the middle." Newton's mechanical labors lea to 
uiii being sometimes regarded al>j uud u uiakcr of telescopes, and we find him styled iu a 
book of that period, Arti/cx auidam angiut nomine Settton. It is sug^tive to consider into 
vthtil pig»ntic proportii lis tin itistrnuieut constructed by the Cambndgo student bos l>eeD 
developed under the hkuids ut IlerscLel and HosMi. Newton's finst td^cope is uixui iuebo* 
Joogi Um length of LoidBoBse*s six-Midlector is iizljiMt. 
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In 1686 the MS. of Newton's immortal work, Philotophim NtUtnralu Prm- 
''jpm Mathcmatlca, was presented to the S oripfy ; and being acceptod with 
tlurnks, it was ordered "that the printing of the book ho referred to the con- 
sideration of the council, and ihut it be put into the hands of Mr. Ilalley to 
make a report thereof." The ooanefl* duly Benafble of the eksndemess of the 
Society's nnancds at that time, were glad to doTolve upon Halley» who agreed 
to accept it, the " boeiness of lookhig after and printing the work at his own 
charge." In the course of the preparations for that luirposo, it became nece?^- 
."ary for Ilalhjy to inform tlie author that llooki; clfiimed to have **«ome pre- 
tensions upon the invention of the rule of tbe decrease of gravity being recip- 
rocally as the squares of the distances from the centre," though he admitted 
the demonstration of the curves generated thereby to belong wholly to Newton. 
When apprized of this claim, the illustrious geometer determined upon the sup- 
pi-efpion of the entire third book of tlie Principia. ** Philosophy," he said, "is 
such an im])ertiiieiilly liti;^ious lady, that a man had ad well be enp^ap^ed in law- 
suits an ha\ (• to do with her. 1 fmind it ho formerly, and now 1 am no sooner 
come nciir her again but she gives me waniing." In the controversy relative 
to his optica] discoveries he had written to Oldenburg : ** I intend to be no 
fiirther eolicitouH about matters of philosophy, and therefore I hope you will 
not tiike it ill if you find me never doing anything more in that kind." It 
required much reraonptranee 'nv\ entrejity on the part of Ilalley to induce New- 
ton to abandon his intention ot isupj i i ing the third book, De Systejnate Mundi, 
without which the celebrated work might have borne the title, JDc motu Car' 
porum LihH imo. In view of all the circumstances it is difficult to deny the 
justice of the remark made in Regaud's E$9ay am the First PMieaHom ^ ike 
Prmcipia, that " it is hardly possible to foiiu a sufficient estimate of the im* 
men«e obligation whit 1i the world owes in this repp<^rt to Ilalley, without whose 
great zeal, able management, unwearied perseverance, scientific atUiinments, 
and disinterested generosity the Prinripia might never have been published." 

Halley had been elected a Fellow of the Society in 1676, on his return from 
his voy:ige to St. Helena, made chiefly with a view to astronomical observa* 
tiouB, of which the fruit remains in bis Catalogus tfdlanm autiridium, but 
rendered subservient al.-o to the science of terrestrial maf^neti?m, of which he is 
i^tyled by a liigli autliority tlie father and founder. "To him," says Sir John 
llerbchcl, " we owe the lir^t aj)[)rcciution ot" the real com[)lexity of the subject 
of magnetii^m. It i.s wonderful, indeed, and a striking proof of the penetration 
and sagacity of this extraordinary man, that with his means of information he 
should Iiave been able to draw sndi conclusions, and to take so large and com- 
prehensive a view of the subject as he appears to have done." Halley's com- 
munications to the Society on this subject conf'ist of a chart, the first of its 
kind, showing the variation of tlie eompa.^s, barbed on the idea of employing 
curves drawn through points of euual <leclination, and of papers published in 
the ISOth and ld5th numbers of tne Pkilotophicaf- Trmuartient, In the last 
of these occurs a striking passage, in which he expresses his belief "that he 
has put it past doubt that the globe of the earth is one great magnet, having 
four maf^nctical poles or points of attraction ; near each pole of the equator two; 
and tluit in those parts of the world which lie near adjacent to any one of those 
magnctical poles, the needle is chiefly governed thereby, the nearest poles 
being always predominant over the more remote." Amid the efforts which are 
now directed to this subject, it will not be uninteresting to observe with how 
much modesty this early explorer defers the solution of his difficult problem 
to later times. " The nice detemiination," he sayp, " of tliis and of BeveraJ 
other particulars in the magnetic system is reserved for remote po.sterity ; all 
that we can hope to do is to leave behind us observations that may be conlided 
in, and to propose hypotheses which afler ages may examine, amend, or refute." 
And he proceeds to urge upon all navigators and lovers of natural truths to 
10 8 
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make or collect obserations of Uua kind m all pwta of tiie imKld, and to oom- 

nOBicate tbem to tbc Royal Society, "in order to leave aB 60idj>1< te a history 
a? may he to those that are liereaftir to compare ail Ufgetkor, aid io eompieU 
and jK-rfect this abstruse tket/ry." 

Another scicucc which at thU era engiiged the attentiou of the Society wad 
geology, or, ae it was then termed. ** the Xatoral History of llie Earthy" the 
chief representatives of which, before the Society,, appear to hare been Dr. 
Liater and Dr. Woodward. Of the former, Lyell remarks : He was the fim 
who was aware of (lit- coiitinuity over larp^e cliFtrict? of the principnl frroups 
of Htrnta in the lirifisli F* rii r», and w lio proposed thf construction of regular 
geological mapt<." Woodward publt^^hed an essay towardb a Natural History 
of the £artb, which attracted mnch attention and was elaborately leTtewed in 
the Trantaeiioiu, Dr. Whewell, moreover, has noted as "one of tbc most n- 
markahleoecnrreQccs in the progress of descriptive geology ia Englaody the for- 
mation of a grrolof^ical museum by William Woodward as early af» 1G95. 
This collection, formed w itii j^Teat labor, i^y.-ieiimiically arranged, and c.iretuliy 
catalogued, be bequeathed to the University of Cambridge ; founding and en- 
dowing at the sante time s pfofesaorBhip of the studj of geology. The Wood- 
wardian Hnaeum atill anbaiatap a monument of the sagacity with which its 
author ao early aaw the importance of such a collection."* 

An official connexion of the Socit ty ^vith the prog^ref*!? of n^troTK.mica! obser- 
vatioiir resulted from it^ relatiuns* to the obtitrx .'itory of Oret tiwRli (t'ouiided 
miio,) of which, after having done much to sustain and advance it during the 
many yeara while it lemaiued neglected by government* the Soeiety finally 
became the formal directois or viaitora by royalwarrant. Under this authority 
the Society are required to exact from the astronomer royal for the time being 
an account of tlie annnnl nh-orvatioiis made, to inspect the instruments of the 
obr^ors'at^ry, and to smju riui^ nd and. it" doerac«d proper, to direct it? operations. 
If, therefore, so eminent an auihority m M. btnivc has singled it out as a point 
well worthy of remark and encominm, that the aattonomera of this illtutrious 
observatory have maintained one unchanged system or plan in their labors' 
during the long period from the origin of the establishment to the pr^nt day, 
pomctlntig of tiiit* nniformify may rc/i-^on iM v bo a«cribod to it- conoexion with 
and tiubordiualiou to a fixed and !?(dt'-p(;rpt'iuatinj; body like tht- iioyal Society. 

The (^plication of nleum, which in our day has uci^uired so astonishing a 
development, did not fiiil to find among the early Fellows of the Society 
at least one curious inquirer, whose specidations and projects are preserved in 
the Tramactiofu. Dr. Tapiu, inventor of the well-known digester for softening 
bones, and who?e " philosophical tnupper" pi-epared upon that plan may still be 
enjoy«^d >)y the readers! of Evelyn's Diary, is noticed in IGOO as bavin «r in- 
vented a method of draining mines by the force of " vapor," in winch, ihuugh 
much was wanting to the practical perfection of the engine, the phiioaophkal 
principle of the condensation as well a< < lusttc force of steam is observed and 
pointed out. At a later period Dr. Paj)iii communicated to the Society an ex- 
t(n:-»ion of this principle to ihe propu!^ioll ot Ix.atf? " to be rowed by oars moved 
with heat," and had ilie honor of liaviuy^ his project referred to Sir Isaac 
!Newtou, from whom il received u conditioual approval.! 



* Woodward, whatever his Hcientifie merit, secmH to have been of an irascible tempera- 
ment, lie was expelled from the council of the 8*>i ie'y for in«u'iintr ^^ir llaiis Sloane and 
retiiaing lo a{K)lo^iKe. He tou^^lit a duel with Dr. Mead, ui custuiu J Ly a di.<<puto, as V'ult&ir« 
•ftyA. $Hr la manure de pur^tr un mulatle. Woodward's foot slipped and he felL *'Tdka 

yorii lili "'" i x( I(i:irn d M.mli'. '* Anytliiii;,' Irit y"nr physio," replied Wooflwiird 

t Tin* ijetter knuun biujc^t ul JSiiVfery, whuse uuji^iiiu wus able, through (bu iiiU<><liu tiou of 
n v ti itiim, to perform double the work of that devised, at » m]\ earlier day, bv the Maniuis 
i,{ \\ T^tor. wn^ rxlii!titf.! Virforc thf Soriety (hirK', ) ,iinl tin- ciTtiticatc (jranleJ hy llmt tnnly 
lo the uigintouj? cotitrivt>r, vim ihc means ot hi» obtajuiug a patent liviu tiiu CruwQ fur tim 
aaantetniaef aleaoMBgittM.— Wald, 1, 367. 
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Wliik the Society, was thva pnrBuing its diversified and proflperons career, 

Charles II, "founder and patron," had died, having entortained no iiit<r 
course with the learned corporation duri'ip; later years, except to send it a 
receipt for the cure of hydrophuLia, C()mp<juiidcd, after the manner of that 
time, of as mmy simples (agrimony rootii, dragon roots, star of the earth, 
in,. See.) 88 could welt be disposed of in one preparation. Lord Bronncker 
had resigned the presidency after fifteen years of acceptable service, and had 
been followed in succession by Sir Joseph Williamf<on, (1077,) Sir ClirI^<topher 
Wren, (ICSO.) Sir John Hoskins, (1GS2.) Sir Cyril Wyohe, (I(;s;5.) Samuel 
Pepye, Lord Carbery, (IC^H,) I.ord Pembruke,"^ (iUb!),) Sir Kobert 

Southwell, (1690.) Lord Halifax, (IGUO.) and Lord Somers, (1G08.) The 
Society was soon to remove from the precarioos quarters which it had here- 
tofore occupied to a house of its own in Crane Court, Strand, andt as appears hy 
one of its statutes, had found re^on to place some further restriction on the too 
indiscriminate and eany admi^!?»ion of Fellows. 

On the willidrawal (d" Lend Soniers, in 1703, Sir Isaac Newton was elected 
to the preeideuey, the duties of which he continued to fulfil for 2i years with 
Qzemplary punctuolitj. His treatise on Opttcks was now presented to the 
Society, a work prepared long before, but which he had decided to withhold 
from publication dming the lifetime of Hooke. The remark suggested by the 
death of that able but morose and jealnu? mrxn of science seemj», tla n fore, to 
be fully justified : JLa Soriefe ji g(ig7ie jdm que la grcmi tnc n' y perd ; Imt, as 
if the eeimitiveness of Newton was doomed never to be freed from impor- 
tunate molestation, the dispute respecting the authorship of the Lifinitesmal 
mulyns soon supervened ; a dispute in which Newton, indeed, maintained his 
usual reserve, but which his own partisans, emially with those of Leibnita, con- 
ducted with so much asperity and prejudice that tlie conto>Jt nii^'Lt have seemed 
one of honor or interest between Germany and Kii;:;laiid.* At the instance of 
L<-ibnitz, a committee was ap})tiiiit< (l by the Koyal Society, in March, 1712, to 
examine the evidence bearing on the matter iu question, and, in April following, 
were submitted, in a report, the reasons which led the committee " to reckon 
Mr* Kewton the first inventor." That this did not Satisfy or silence the parti- 
sans of Leibnitz will be readily believed ; but at this distance of time we may 
aefjtiiefice in the opinion pronoiHicrd by the historian of the Society, that 
Acv, ton wa.'^ tlie inrentor of Fluxnuis as early as IGGG, but that ix'ibnilz has 
the merit of having first eiveu full publicity to his discovery of the Differential 
Cf^leiiliis In 1673. ** Had Kewton done this," says Mr. Weld, '* a controversy, 
jpiibfnl in its nature and unsatisf;ictoiy in its results, would have been avoided. 
&ut all admit that he labored more for the love of truth tlian of fame; and 
1^\s> is one of t!u> reasons why Newton i.s the p^reatest of philosophers/* 
' This great mau died on the 2Uth Marcli, 1727, being, perhaus, the only one 
who has ever lived whose genius and virtues could sustain tue exaltation of 
Jus epitaph : Sihi gramhdmtmr morUUe$ tale tantumque exstiiiaae human i generit. 
fie was succeeded in the presidency of the Society by Sir Hans Sloane. who 
had long acted as secretary and vice-president, and whose merits as abotanistt 
habits of business and official assidnitv, relieved the council of embarras-Tnont 
in a choice, even after Newton. ^lartiu I'olkes, (elected 1741,) Earl of 
Macclesfield, (1752,) Earl of Morton, {17ti4r) James Burrow, (1768,) James 
West, (17GS,) Su- John Pringle, (1772,) bring down the succession in the 
presidency to the protracted official term of Sir Joseph Banks, (1778 — 1820.) 
There are points of interest, however, in this long interval, upon which it is 
proper to touch even in so rapid a sketch as the present. 

* M, Arii|io ffcms to have ht-t'ii trilling' to make France a third party to tins aicmomblo 
competition, tor, in bis Notices ISw^raphiquUt vol. Ill, p. 5^ be briagii forward tbe claiinfl 
*ef Mb countryman, Fecnat of Tocucuie, as an earlier fnTflator of the Calcnhu tium etthai 
' Hewtom cr Ldbnits. 
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From an early date the Society eeems to liaye labored wider two especial 
causes of embanassment : want of pecuniary mcao8> arising chiefly from the 
failure of members to pay tli ii{ ulaied contribution, and a constant tendency 
to extern] the honor 'of mcnibciehip to persons \v]ims<' pretensions were of doubt- 
ful valiility. We learn with Home surpri?»e thai, u liilo a few were occasionally 
cxempiA!tl iiom the payment of the email weekly contribution, (among whom 
at one time was Sir Isaac Newton,) there were many others of ample means 
who suffered their liabilities to accnmnlate until tfie Society, to which no 
doubt they prided themselves in beloQ^ng, was reduced almost to the point 
of inaction. Nor ^lo^■^^ it incron?e our respect for this chi^s of dcliuqnonts to 
find that wlieii, in 1728, tin' Aitonicy ff<'neral had givtu hi;* opinion tii.it the 
Society wm authorized to bue lor euch arrears, and steps were t^iken lor that 
purpose, the liabilities were generally discharged and the Society placed in 
eomparative ease.* The extent of the second idconvcnience may be appreciated 
from a sayin^; ascribed to D'Alembert, who, in allusion to the extreme prodt> 
gality with which the honors of the Fellowship were distributed, used "jocularly 
to ii.-'k any person going to England if h'- <ir« d to be ma*l*' ;i member of the 
Society, as he could easily obtain it for hnu, nhonld he think it any honor.** 
The necessity, therefore, for some additional restriction being sensibly fdt, the 
Society sought legal advice as to their powers in that regard, and were advised 
that, while their charter did not appear to authorize them to limit the Fellows to a 
certain number, it clearly empowered them to describe Uld ascertain the quali- 
fication^^ ofpoifonB to lie electpfl. A ptatnttMvas thoroupon rnacted, which has 
since hevn E^toadily observed, by which it is required that all cauilidate.-*, excfpt 
p< err^ and some other privileged persons, shall be proposed at a metjtiug of the 
Society by three or more members, and that a paper signed by them and set- 
ting fortli spe cifically the qualifications of the candidate, " shau be fixed up in 
■ the meeting*room at ten .-( vi ial ordinary meetings before the said candidate 
shall be put to the ballot." It appears that candidates were also expected to 
send in a paper on the branch of science with which they were most convert 
sant. 

Another but moi*e occasional source of disquietude boa been a jealousy 
sometimes manifested of undue influence or irregular procedures on the part of 
the presiding ofllcer. This xhibited itself to some extent ov( u towards New- 
ton in the course of the preliminary steps for the removal of the Society's 
qnartrr-^ to Crime court; but it broke ont Mith excessive violence against Sir 
Jobcph Dankf<, in 1784, upon the all(';x<'(l cliar<:o of improper interference with 
elections, and particularly ot iiuviug iuvortd the pretensions of naturalists in 
preference to those of mathematicians. Groundless as this charge is shown to 
nave been,t and fisictions And overbearing as was the conduct of Dr. Horseley, 
who, with very slender scientific pretensions, aftectt d the leadership of the 
mnthrmatical party, this .<( Iii.'>ui not only di.-turbed the harmony of the Society, 
but .-^tM-nit'd for a timi' to tlin- iton il;^ sLubiiily. 

The intiuential jt u t burne by the Society in the introduction of the reformed 
calendar into Eii^lund may render an allusion to it in this place not irrelevant. 
By this change, which took place on the aid September, 1752, " eleven nominsl 
days were struck out, so that the last day of old style being the 2d, the first 
of new style (the next day) was called the 14th instead of the 3d. The same 



'Bsfoire the incorporetioo, ten ah'iWmpa were reqoirod of niontbortt on the admlMrioii ud a 

wrckly pnymont *if one sliilliuf^. hy \ho j»tntntps nf I(»(i:t thf initlHtorr fvf is Bflvnnrrd ta 
tony Hbiiliug.s, the wtikly payments reni.Hiouig a« belorp. In le47 tbt) I'onner charge bad 
become ten pouiuls, ami the weekly contribution been converted into au annual one of foar 
jioundii, to be ]tai(l in advnnrf>. Lilx rt x iri vvu to OOapOUSd fOT thswhols by IhspajBNnli 
m mnwi cai»es, of torty, iu otiivrs ot nixiy puuuda. 
4 8«s Lord Broiigbam*s Lives of PUloeopbsn, p. 963L 
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legislative enactment which established the Gregorian year in England in 1752, 
shortened the preceding year (1751) l»y a full (juartrr. rn viously the eccle- 
siastical and legal year was held to begin witii the 25lh Mardi. and tiie year 
A. D. 1751 did tjo accordingly; that year, however, was not euliered to run 
out, but was sapplanted on Die Ist of January by the year 1752, which it was 
enacted should commence on that daj, as wdl as every subsequent year."* 

The attempt to retrace here, even in the most Bummaiy manner, the philo- 
sophical labors of the Society would suggest a startling contrast between the 
narrow limits allotted to this outline and tbe vast (i( Id which it would be neces- 
sary to traverse, llow mere a catalogue of nanu s and of terms would be the 
result of any attempt to recall those achievements in cv^ry department of 
natural science which have distanced imagimition and rendered the fictions of 
poetry tame and spiritless in comparison! Especially would this be the case 
aa we approached that wonderful era of discovery, the close of the eighteenth 
century, wliich suggested to Cuvier the imposing retrospect with which Im 
"pens the Eloge oi' Ilaiiy: "The laws of a geometry, as concise as compre- 
hensive, extended over tlie entire heavens ; the boundaries of the universe en- 
larged, and its spaces peopled with unknown stars ; the courses of celestial 
bodies determined more rigorously than ever, both in time and space; the earth 
weighed as in a balance; man soaring to the clouds or traversing the seas with- 
out the aid of win^ls ; the intricat" mysteries of chemistry referred to certain 
clear and simple facts ; tbe list of natuial existencies increased tenfold in every 
species, and their relations irr(!Vocably tixed by a survey as well of their in- 
ternal as external structure ; the history of the earth, even in ages the most 
remote!^ explored by means of its own monumcntSf and shown to be not less 
wonderful in fiict than it might have api)earcd to the wildest fancy : such is 
the grand and unparalleled specbicle which it has been our privilege to con- 
template!"! And in the realization of each and all of tbese surj)rising results 
the Royal Society of London has borne its elfectivc part, yielding to none in 
the retiected lustre of its long line of brilliant names : its llerschels, Bradleys, 
Madraly^es, Tonngs* Priestleys, Daltons, Watts, Wollastons, Bavys, Buck- 
lands, Murcbisons, Faradays, and Airys* For, as the illustrious savant iust 
quoted has elsewhere said with equal force and generosity, " The philosophem 
of England have taken as glorious a ])nrt as those of any nation whatever in 
the labors of the intellect which are the common heritage of the civilized world; 
they have dared the ices of either pole, nor is there any nook of the two oceans 
which they have not visited ; they have multiplied tenfold tbe catalogue of the 
kmgdoms of nature ; by them the heavens nave been made populous with 
planets, satellites, and stupendous phenomena; they^ve counted, so to say. 
the stars of the galaxy ; if chemistry has assumed a new face, the facts which 
they have furnished have essentially contributed to the transformation; to them 
we are ind( bted for intlammable air, pure air, phlogisticatcd air; they have dis- 
covered the decomposition of water; new metals in large number have sprung 
Dram theur analyses ; by them only has the nature of the fixed alkalies been 
demonstrated; finally, at their voice, mechanics has become pregnant with 
muracles, and placed their country above all others in nearly every species of 
productive industry 



• Herecherg Astronomy, p. i\X So prroat wns the popnlnr ropngnanco to the chanp:<! ot tho 
style or calendar, Ihut the uiob pursueil tho minister in iiis cairia^'e, clanioriup f»)r the »liiV8 , 
bjwhidl, as they supposed, their livea had been shortened ; and the illness and death of the 
SStTOBOmcr Hrudlcy, who had assisted the government with his advice, was attribnted tea 
Judgment firpni heaven. It is also ruluted that when the grandson of Lord Macclesiield, who 
nad llk e# < rtl>ce n prominent in eflfecting the change of style, was standing a contested elec- 
tion for Oxford, the moh insultiiin^Iy called out to him, *'Give OS back, you lucal, tluMf 
elerea dasa which your grandfather stule from us." — H'cid. 

WlSridiMMilan Report, ltj60, Memoir ^ 

tIMw. Elfg* of 8ir Jowph Banks. 
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Among the ineentivcB nnd rcworde of scientific raseaich employed hj the 
Soeielj are three mcdds, derivtd from funds bequeathed or granted for that 
purpo?o. Int. The Copley modal, the fniit of a h'gacy bequeathed in 1709 by 
bir Cjoilln y Copley, and termed by Sir JJuinpIin y Davy •* the ancient olive- 
crown of ihu Uoval Society," being regarded ad the most honorable within its 
gift. Tlua has been annnallj award^, with a feir intervalSt since 1730» m 
coufurniity with a resolution then adopted by the Society* *' that the medal 
ehould be adjudged to the author of the most important scientific discovery or 
contribution to ^cifiico, by oxjH'rimont or othorwise." It cannot but be ppcu- 
liarly pi.iiii^ iiig io an Aiu< riuiu to had that when, in 1753, on the death <>t tlie 
surviving trustee tff the legacy, the adjudication devolved on the president and 
ootincU for the time beiDg, the first award of the medal was made to Dr. 
Franklin* On thi.^ occasion tli<- Kail of Haeclesfield, In his addreas as presi- 
dent, stated that the council, " keeping steadily in view the advanccmr nt of 
science and ii^^tfi;] knowh d;;e, and tlie honor of the Society, had never thought 
of confining the beucfacliuu within the narrow limii«» of any particular country, 
much less of the Sucitty itself." The money value of this medal is five pounds, 
and it bears as a legend the motto of the Society* NnUitu m verba, SM. The 
Rumford medal, derived fi-om the interest of a fund of ^1,000, given by C'ount 
Rumford, in 1796, for the purpose of promoting discoveric:* in heat and light. 
This premium i;^ dii])Iicate, con.-i.-tinf:;^ of two pieces struck in the same die, the 
one of gold, the other of hilvtr, and by the terms of the gift is to be awarded 
•* once every second year." The device on thb medal is a tripod with a ilame 
upon it* and the inscription from Lueretios, Nomsfre qmm vit et etnua. It is 
gratify in^^ to note that the first adjudication of this prise was justly made to 
the founder himself, "for his variou.s discoverio? respecting li^'ht and heat," 
while the name.-* of Malus, Fresnel, Melloni, and Biot, among later competitors* 
show I hat ihii^, 100, is fi-eely accorded to foreign merit. 3d. The Royal medal, 
which, again, is duplicate, constsiing of two gold medals of the value of lil'ty 
guineas each, a beneficence projected by George IV in 1825, though not actually 
realized till the reign of his successor. These medals* be4trlng on one side the 
likeness of the reigning moriarcli. and on the reverse the figure of Sir Isaac 
Ne^vton. with f mblematicjil accompaniments, are given for such papt^rs on/t/. i<n 
imp<*itant and ct>mpleted discoveries, as have been presented to the Royal 
Society, and iuserted in their Dramaciums, Here, also, the distinguished uam&i 
of Struvc, Encke, Mitseherltch, and De GandoUe, in the list of lecipientsi ap- 
prise us that this recompense has been liberally oflfeied to the competition of 
til countries. 

The subjects for wliieh the.<e prize? have bei n awarded are almost too multi- 
farious for classification, and aliord no indifierent criterion of the astonishing 
progress which has been made ** since the day when the founders of the EoyaJ 
ooctcty went forth to collect May dew for ita supposed cosmetic virtues, or with 
Ihe Virgula ditma in search of the hidden treasures of the earth." Yet thoae 
early incpiirerf are perhaps not lepf entitled to honor for the fidelity and hero- 
li-m (tor heroiipm it Avas at that epoch) wifh which they aiilnreil to ixpt rimeiit 
amidcit the difficulties and obscurity which surrounded them, lluiu tho£>e who, 
following them in the use of the same irresistible instrument* continued to press 
forward with firmer and more rapid steps in the puvsuit of abstract science, as 
if conscious that in tiat and its applications rested the sole hope for mankind of 
• any leal and sustained progre!«f>mn. Nor can either of the two clusji. s cited 
justly claim pre-eujini nee over the intrepid exidoren* of to-d;!y, who, undrterred 
by the seemingly exhaustive research to which the heaven." and the earth have 
been suMeeteC still lift thehr mhids to new and mightier enterprises, and, having 
endrcled the entire globe with observatories and observers, shriink not from 
grappling with problt ms as subtle and inconstant as magnetism or the winds* 
U».««l„ -.*«»U of «». «d co^teU-Oo-. 
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'When we reflect," pny? Mr. "Wclfl. " on flic benefits conferred on mankind 
hy tlie (li;<coverie» of modem science, Kagii^hmeu must fet.-I an lione^t pride in 
the fact that bo large a proportion have emanated from the Fellows of the Koyal 
Society. Nor will that pride be diminished, when it is remembered that from 
first to last the Society has received no annual peenniary support from govern- 
ment, nor assistanoe or any kind, beyond the grant of Chelsea College, shortly 
after their incorporation, and more recently, the nt?e of the apartmenti:* they now 
occnpy in Somerset House.* While tlic meiub< r-< of ilio Freticli Institute re- 
ceive a yeairiy stipend, the Fellows of the Koyul j>ucicly pay au^auuual sum for 
the Bupport of their institution and the advancement of seienoe. It would be 
repugnant to the feelings of Englishmen to submit to the legulationB of the 
Institute, which reouire official addresses* and the names of candidates for ad- 
iiii:*8ion into tlietr body, t(j be approved by p;ovemment before the first are 
delivered or the sccoud elected. The French mranx are, it is true, ennobled 
and decorated by orders, whicli the wiser among them, in commop with true 
iMosophers of any country, regard with indifference. NoUy did Foorier say 
ctf* Laplace : " Posterity, which has so many partietilarB to forget, will little caie 
whether Laplace was for a short time minister of a great 8tate. The eternal 
truths wbirli he has discovered, the immutabh; lawa of the Stability of the worldi 
are of importance, and not the rank which he occupied," 

As a consequence of thia independence and self-support, it was necessary that 
the Boyal Society should be numerous, and by a consequence not less necessary, 
as OuTier remarks, ** that, as in all political associations where the participation 
of the citizens in the government is in inverse ratio to their number, ihmm to 
wlioni the Society intrusts it;? adrnini.-tr if im should exercise over its labor-j rind 
to a certain extent ovi r tiie course uud pio;:;re8» of science, an influence nioro 
considerable than ciiii be readily conceived of by the academies of the conti- 
nent" That the Society has lieen fortunate in the seal and ability of those 
called to preside over it, will have been observed in the course of the preceding 
Bket( h. It remains to be added that, on the death of Sir Joseph Banks, in 1820, 
the chair was for a short time occupied by Dr. Wollaston.t followed in the 9ame 
year by Sir llnniplirey Davy; by Davies Gilbert, in 1827 ;| the Duke of Sus- 
sex, iu 1830 ; the Jlanjuis of Northampton, in 1838 ; Eai'l of Kosse, in 1849 ; 
lovd Wrottesley, in 1854; SirBenjamiu Brodie, in 1858; and General Sabine» 
in 1861. The latter still worthily occupies the chair. 

Ah smnrtliing has been said above of financial embarrassments at an earlier 
period ut tiie Society, it is gratifying to Ptate, on the authority of Mr, Weld, 
referriug to the year 1848, that this eonditiou of things is uholly ckan^^ed ; be- 
sides ccrtaiu iractti uf land, the Society then held iu the public funds upwards 
of ^633,000 ; its income being deriTed from rents, dividends, annual subscriptionst 
admi:«sion fees, compositions, and sale of Tramactioiu and Prooe^Hmaa, The 
number of Fellows, at the same date, was 821, of whom thirteen were honoranr 
and forty-seven forei|ni. The library of the Society, then containinL' u|»w,irda 
of 40.000 volume?, is extremely ricii in the best editiond of sticniiiic Louk^. 
Fellows are allowed to borrow books under eertaiu regulatious, though still more 
use is made of the libnuy for purposes of reference. 

The sessions of the Society commence in Kovf mber and a>ntinuc until June. 
At the ordinary meetings, after the usual preliminary liusincss, one of the eec- 
letaries auuounoea the presents made to the Society, which are so numerous that 



•Whither the Sociotr rrmovcd hi 1780. 

tin reference to thu cjitrauiUiuary tact as^ aimtone&s ot WoUastuu aa a ph/sicist, it was 
said by Magomlte that " hb hearin? was so Ifaio he might have been tlUNigbt to be bttnd, and 
his Bight so iiiiTi iiip; lie might have ucen supposed to W lU-af." 

tUr. Gilbert wiiL be remembered bjr Amcricaus a« having pruuouiic4>d tlie oulog^ ou Smith 
son, oootoioed in the fint Bmlthsonlsn Aaansl Report. 
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their titlos fill, ou an avcraj^o, two folio pages weekly during the Pension. 
Certificates of caudidateji for election are then reiwl, aud next gucli paper or pa- 

Sers aa may have been communicated to the meeting. For theae papers fonual 
itaaikB are leturned, and they boeome tbeDceforth tno property of toe Society. 
Dii^custioii on the subject treated of in the paper follows, after wliich the mee^ 
ing ia adjourned, and the Fellows repair with their friends to the library where 
they partake of tea, a ciiBtom intjY flnced, it is stated, by Sir Humphrey Davy. 
A conccrsazione ensuei?, which lui-if* until nbout eleven o'clock. The council 
meets monthly, or more freij[ueutly, U necessary. The scientific committees 
SBBemble as oceaBion re^ nirea. Those ammally appointed are : MatbematicB, 
astronomy, physics, chemistry, geology, botany, zoology', and animal physiology. 
The number of members varies from fifteen to thirty, the latter number repr^ 
acnting tliat of pliysics which is the largest. The Pkilomphical Transactiom 
are generally published in two parts, (June and November,) which form a vol- 
ume, though occajBionally a third or even a Iburih part appears. Besides the 
jyamaetumtt abstracts of the papers and minntes arc |pabUshed monthly, and 
these, now eztendmg to more than ten yolomes, are entitled ProcteAings ofiht 
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MOD£fi,N Tfi£0£Y OF CHEMICAL TYPES. 



BY CHARLES M. WBTUBRILL, PH. D., M. D. 



Aftbb the electric current had been applied to the decomposition of inorganie 

bodip?, and it had hvvn dlscovrrod that liydrogrn, the raetals, and the bases 
appeared at the nef^ativu pole, while oxygen, chlorine, and the aeicls were mani- 
fested at the positive pole, the assumption that electrical attraction waa the 
bond of anion in chemical combmations was very natural, and tlie electro- 
chemical tbeoiy growmg out of these experiments became speedily adopted by 
chemists. The theory explained satisfactorily all known }>henomena; it gained 
additional snpport from the discovery that the r1i' :n:i\Ll elements and com- 
pounds wfTf separated by electrit-ity fri»ni their combinations in tlie ratio of 
their ei|uivaicut^. In those days it was assumed, and at the present time it 
is manil'est, that any theory not embracing organic as well as inorganic com- 
pounds woivld be untenable* and hence arose the radical theory, fint applied 
to inorgame salts, hot afterwards thoroughly studied and developed ut respect 
to organic compoiindf . 

As the present sketch is intended less for chemists thau for others who may 
be confused at the appearance of the formul® of organic compounds given in 
modem chemical essays, the author may be par£»n^ in citing facts and 
formulsB trite to chemists. He would also take occasion here to accredit to the 
Lehrbnch of Graham Otto many of the illostnttioiu, as wdl as some of the 
arguments, employed in the present nketcli. 

The nature of ( leetrical attraction reiuiera the idea of binary compoundd in 
chemistry imperative, if we assume that electricity is the bond of union in such 
compounds. 

Benelins imagmed the elementary atoms laden with electricity and with 

positive and negative poles, but so that in the atom of one elemoit the positiTe 
el'Ttricity predominated, while in that of another element the negative elec- 
tricity was in excess. Thin excess of (+ or— ) electricity communicated its 
characters to the element, making it positive or negative. If two atoms of dif- 
ferent electrical character are brought stifficiently near to each other, they 
mntoally attract each oUier; formine a compound atom, which is itself positive 
or nr rrative according to tfie predomlDance of one kind or the other of its 
electricity. The .new compound atom was, therefore, susceptible of further 
attraction by another comjmnnd atom of different electricity, and so on, the 
attraction becoming weaker as the compound atom becomes more complex. 

Ampere imaging the atoms of positive elements to have positive nuclei with 
negative atmospheres or envelopes, and atoms of the negative elements to have 
neipUive nuclcli and positive envelopes. Ilence a positive and a negative atom 
upo!i coiniuj; toi^ether would mutuifly ])olarize each other; the -f 5^i>d ~ E of 
their nuclei would draw them together to form a compound, and the ^ £ of 
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their rf'?j)f ctivr envrlnpc? Mould he driven ofi' and combine to produce the 
electrical pliiuomcim always attending chemical action.* 

According Ui this view all chemical compotmdfl are hinary; they ase 
eapable of Detng decomposed by the electric current, wbicb attracts tbe atoms 
from each other according to their character, tbe positive appeariDg at tbe 
negative pole, tin m f];ative at the ponitive pole. 

in writing formulae the positive atom or atom group is placed bepobb the 

i)e<,Mtive one, thus; KG; SO,; KCSO^f 

I'lif Trin-i c.tnij lox t'ormul.e are constructed nccordiiij* to this binary method. 
In aluui — lv(j .sOj -f A!.. ( );, ."iSOa + 24110 tlie sulph.ile of |H.t.iss;\ atom 
ia positive, and united to an electro-negative atom ot Hulphaic ut ulumma to 
form a still more complex atom ofjpo&itive charabter, which is united to tbe 
negative group of atoms 24HO. When, however» the atom becomes so com* 
plicated* it is difficult to detenuiue the electro-chemical character of its imme- 



* For views m to polarity in chemical compounds, see the excellent treatise upon ths ( 
lytic tV«rn\ by T. L. riiipxni, Smiilisouiun Report fm :v.>.'.. 

t For the couveuicuco ol iliose whose uiemory uia^ lequiic ifii«*liiug as to chcmluU 
^fmbols and conitnaui^ qomiltiss, or stomie weights, we snigoln the foUowing table* 

SYMUOLS AMJ PROPORTIONAL NUMBERS OP TWV. LLEMCMTS. 

(Fr9m OdUng'i Mammd of Cbtmulrjf,) 



Fl 
CI 
Br 
I 

O 

8 

Se 

T 

N 
P 

As 
Sb 
Bi 

C 

8i 

Ti 

6n 

Ta 

B 

U 

Ms 

K 

Ca 
8r 
Ba 

0 
T 



Ilydrogen...... 



Oxyeen 



Phoephoioas. 

Arseuic 



Boron 11 

Lithium 

Sodhun, ( Natrium ) 

PoteMiam, (MMiiMm).... 

Calchrai 

Stiuiuium.. .... 

Jthuaom.... 

Gliuiutim .............. 



J 


yj 


i 






vU 


•33.5 




80 , 


Hg 


127 1 


Pb 




A? 


10' 




32* 


Cr 


80* 


Mn 


IS8* 


Fe 




Ni 


11 


Co 


:u 


Cu 


".'> 






Al 


9Q6 


1 Zr 




Ce 


12* 


La 




D 


i^. 5" 


U 


lib' 




i3tr 


Mo 




Vd 


11 


W 


7 


An 


23 




9» 


Ro 




Ka 


90 


Pa 


41 




6d.5 


Ft 




Ir 


4.7 


08 


ZSl 




60.6 





Magnesium............... 1*2 

Zinc............ 32.5 

Cadmium M 

Mercury, ( Htfdrarg ^mm ) 100 

Lead, (/'/«////.« //O 10:i.5 

Silver, (Argcntum) 108 

CliKiiiiiiim 96 

Magttuesc 27 

Iron, (Ftmm) 2S 

Nickel 2l> 

Cobalt 

Copper, (Capnm) 31.7 

Aiutiiiuum 13.7 

Zirconium.... 33.5 

Corium ^j.. .......... 46 

Luuiljauum 47 

Didyniiaai.-.. 48 

Uraniom CO 

Molybdenum 4^ 

Vanadium • . . H^. 5 

Tugsuu, ( H oi/ram) l^J - 

Qol^iAmnm) 197 

Rhodium 52 

Kutbenium 52 

Palladiuui ^ ...... ...... 53 

Platinum ^.5 

Iridium 98.5 

Osmium 99.6 



to th* Ijpe fb<eiy. 
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diate eonttittientfl. In Uie above example tlie 24HO may he driTenoff hj beat» 

but not bj electricity simply ; and from other connderations it is imposBible to 

decide from analysis nlono wlicthor water is an acid or a base, as it pospcssea, 
acrording to the suhsiancc with u/iich it is combined, each of tlie.xe cliaractcrs; 
in oil of vitriol it is a base IIO SO3 ; in hydrate of potiissa, aii acid KO HO. 

There is etill another method of imagining the grouping of the atoms in a 
complex atom to form a binary compound. This involves the easence of the 
radical theory. 

SO, does not redden litmus nor form salts with ba>erJ ; its compound with 
IIO (oil of ritiinl) jio-^sci^^cs ihis property- ^V'e may imaj;ine this acid to ho 
HO, bOj, according to the priuciplea just laid down ; or to be II JSO*, a biuaiy 
compound, in which H is H- and SO4 is •— w If for hydrogen we snbstitnte potas- 
sium or any metal, we will have sulphate of potassa or the salt corresponding to 
the metaL S04is, therefore, a compound radical in the sense in whicn the word 
has lieen employed in chemi.^try, altlioti^Ii it has not b<'en isolated. When 
water and anhydrous sulphuric acid are brought tojxether, this compound radical 
is generated by the decomposition of water iu the manner illustrated above. 

It is, however, more particularly in the ease of the bases that the theory of 
compound radicals has been developed. 

The example of ammonia illustratea an inorganie oomponnd radical | l^in* 
deed, it may at present be called inorganic. 

The gas ammonia NTI3 (in a mauner analogous to that of anhydrous sulphuric 
acid) acuuires basic properties ouly by the action of water; NH3, Ii0 = 2sll4 0. 
NH4 is tne compound radical, ammonium. It has never been isolated ; it is an 
hypothetical group of atoms playinff the part of a metal. 

The following table illustrates ttie parallelism existing between eompound 
and simple inorganic radicals : 



+ - + 



NH4 + O 
KU4 + CI 

NH4 + 804 



Oxide. C K + O 



Sulphide. 
Chloride. 
Sulphate. 



K + S 
K+ 01 
t K + SO4 



When organic chemistry began to be developed, the compounds first studied 
were those containing different proportions of carbon, hydrogen, and oxygen, 
together with a few contaSning nitrogen. These were studied m their analogies 
to inorganic compounds, ana the assumption of a large number of otguiie 
radicab became imperative. For example, if ether (C4 ^5 0) were the oxide 
of a radical (0^ ll.-,) called ethyl, the compounds of ether could be brought into 
comparison with those of oxides of the diflerent nu tals, (C4 1J:„) being a com- 
pound organic radical, which group of atoms plays the part of a metal, thus: 

Ethyle (C4H5) 

Ether (CJI^jO 

Alcohol (C4H5)0, UO 

Chloride of ethyle. .. (C4H5)Cl 

Nitrate of the oxide of ethyle (C4H5) O, NO^ 

Acetate of the oxide of ethyle (04H5)0,(C4H3)Oi 

Sulphate of the oxide of ethyle (C4H5)r), SO3 

Sulphovinic acid (C^UsjO, SOa + HO, SO3 

Sulphovinate of the oxide of zinc (C4U8jO, bUj+ ZnObOj 

Pot^issium K 

Potassa..*. KO 

Hydrate potassa KO,HO 

Chloride potassium KGl 
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Kitnte potuaa KO, NOs 

Acetate potawa KG, (0^3)0^ 

Sulphate potassa KG* 8O3 

Bi-Bulphatc pota??a KCSO, + 110, 8O3 

^ Sulphate potaasa and zinc KOfSU^ + ZuU^kSOa 

Upon this principle, and notwithstandiDg the fact tbat for a long time the 
organic radicals were entirely liypothetical. tlic dovclopment of organic radicals 
went pari paxm with the study of org^aiiic {"<tiTi|)«)Uiias. 'Vlw followin;^^ illus- 
tration shows how the organic acids were isubjccied tu the radical tiieory. 

Aeetic (C2U)03 with ladieal aeetj^e.... (C;II) 

Propionic (C4H3)03 " propvle... (CJI,) 

Butyric (CsHOOj " liitvle.... (Cgll:) 

Valerianic (CioH9)03 " valyle (CioH,,) &c. 

The theory is bo simple, so well known, so satisfactory in the explanation 
of the phenomena to which it is applicable, that the reluctance to abandon it, 
especially by chemists educated under its influence, is natural. That it ha;^ 
been attacked vigorously, and almoist to its fall, is owing to the present great 
wealth of chemical compounds, and the diacoTCty of phenomena which cannot 
readily, if at all, be brought in subjection to it. 

Daily the realm of chemistry is extending, and the boundaiy line between 
org^anie and inorgranic compounds is becomintr more and more indistinct. If to 
the atoms of carbon, ljy(ln)<;rn, oxyj^en, and nitrogen lia? been assigned a 
greater facility uf mutual chemical attraction, the reason lies ltf<6, perhaps, in a 
peculiarity of the natoxe of these atoms, than in the kind of experiments to 
which they have been snbjected. Continually, elements Tormerlj called in* 
organic are added to organic compounds, and it is not too much to expect that 
the same chemical attractionn cxi-^t between all of the element?^ as between 
C, H, O, and N inter illis. It the right of conibininjr, in indi tinitc number of 
atoms, the original organic elements, gives rise to so many " dtanm s." i e., com- 
poonds, what would it be if each of the sixty-fonr elements oonld play an equal 
part with these! 

The number of possible chemical compounds would approach infinity, and 
coold only be conceived by the aid of comparison. It would be n<> rxaL'^;]:;('ratioa 
to compare their number with the distance from the earth ot t)?*' fixed t-tars ( x- 
pressea in feet, or even with the diameter ot that great orbit m w hich our solar 
system is supposed to he moving. 

It is trao that theories are not formed to meet JkiurewantB; bat, nevertheless, 
a general consideration that the radical theory was becoming daily insufficient 
for the rapid incrf-ase of chemical facts, iirp^ed thoughtful men to invent a theory 
which should, at leai>t, generalize chemical compounds, and l»rin;^ tin in into the 
proper order and connexion to render their more perfect study pojjsibk*. A 
satimctory theory has not yet been invented, and chemists are loath to aban- 
don totally the electro-radical theory for that of types pare and simple. 

While the radical theory was in a very flourishing condition, certain newly ob- 
served plienom< na demonstrated that we could substitute electro-negn»ivc chlo- 
rine for electro-positive hydrogen in a compound without changing the chemical 
character of the body to a great extent. Thus, by the action of chlorine (CI) 
npott olefiant gas, (O4 Hi,) four Dntch chemists had many years ago discovered a 
neenliar componnd, which has received the name of Dutch liquid, and which 
has the composition C4 TIi CI2. When tipf)n this body the action of chlorine 
was continned. f?upp«irted by sun light, it was> disc()ver<^d that a f*erie«» of liquids 
could be obtained having the same character as Dntch li<jni<l, but ditTcriug in 
that the hydrogen was replaced atom by atom by chlorine, thim i 
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Datch liqaid 04H«Gls = (04H4)C]t 

l8t Bubstitutiou C4HaCl8 = | Cl')^^* 

8d C4H,Cl4 = (C4 { ^1' 

3d « C4H CI5 =1 (^04 1 ^i^CU 
Aih *' CiCU = (040l4)Cls 

If upon the members of this series an alcoholic solution of potossa act, one 
equiTaleiit each of hydrogen and chlorine is separated, and we obtain the fol- 
lowing compounds: 

From Dutch liquid C4H4OI, we obtain | 
«• l8t substitution C^HaCla " ^^Ola } 

« 2d « ClhCU " C,^^^ I 

" 3d " C4HCI5 " C4OI4J 

which demonstrates that in Dutch liquid and its chlorine compounds the latter 
element cxi'<t? in two condition? : one in which it takes the placf of liydrop^cn, 
atom by atom, and another in which it unites with carbon and the compound 
atom thus formed. In other words, the negative atom of chlorine drives out 
and takes the place of the positive atom of hydrogen. To bring these phe- 
nomena in accord with the former electro-chemical theory* we would have to 
assign to the atom of chlorine a preponderating positive and a negative charac- 
ter at the same time, which was dermcd inadmissible. 

The same difficulty occurred with respect to the negative atom oxygen, to 
which, recording to some, a pioce had to be assigned sometimes inside of the 
poiilivt radical. 

The behavior of acetic acid with chlorine gas in sun-light affords a strik- 
ing example of the substitution of Gl for II. By this reaction, from O4 H4 O4 
(acetic acid) there arir^cs, by the substitution of chlorine for hydrogen* chlor- 

aoetie acid, } } between the two acids there is a great chemi- 

cal similarity. They each saturate the same amount of base, and wlien acted upon 
by the same reagents, give rise to analogous products. Thus, by heating with 
excess of alkali, acetic acid becomes carbonic acid (2 C Ot) and light carburetted 
hydrogen, (Ot H4.) while by the same treatment chloracetie acid becomes 

S O O9 and Ot ^| | or ehloroibrm, which may be regarded as light carburetted 

hydrogen, in whicli a poi tiou of the hydrogen is replaced by chlorine. By the 
action of nascent hydrogen, chloracetie acid is regenerated to acetic acid. It 
is true that these diffieiiltioa might bo reconciled by the assumption of both a 
negative and positive character being assumed under different circumstances 

by the same atom. This must be done in certain instances to bring the mod- 
em type thoory in accord witli the elcctro-cheraical thr-ory, and, inrlcrd, the 
experiments of Schoenbein upon ozone, and the phcnomona of the action of 
cerUiin bodies in the " nascent" state, would render this assumption not un- 
likel}' ; but the immediate result of the experiments cited was to hold the 
electro-chemical theory in abeyance, and to develop the theory of types. 

The first type theory was a theory of the classification of chemical com- 
ponnd.<, and was nn-tln^rDU,-^ l^o the natural history system of classification into 
orders, genera, and species. There was a "molecular" or "mechanical" type 
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wbieh eomtpOBdfld to iSie "order;" a "chemicar' type to the "genus;** and 
the varioos members under the same chemical type correapoaded to the 

** flpecies." 

Compoundb of the same molecular type conwijitcd of the »arae number of 
atoms; but not in binary groups, as the electro-chemical theuiy required. 

Under each molecular type were the chemical types, consisting of the Hame 
number of atoms (as before) but similarly arranged. The individuals of the 
same chemirnl type consisted of the same number of atoms, similarly nrratifrf^d, 
bat differing in the kind of atoms. The following example will illostrate the 
theory: 

MOLBCULAR TYPE OF TWF.LVE ATOMS. 

- . V • 1 J. ( Acetic acid C4H4O4 ) Individuals of l^t chemical 

m chemical type J (jia^raceticacid. Q, CI3 liO^ } type. 

2d chemical type { ^t^^"^'^^ S*S* u ' } I^^iiridaals of 2d chemical 

( Mercaptan 1^4x16^2 ) ^7V^' 

These all l)t l<f,i<^ to the samn molecular type of twclvo atnm<'. The first 
two and the last two Indonp:, rrspectivelj, to tlic same flrmical tyjir; the atoms 
arc regarded as being gimilat ly arranged, beauii?u acetic and chluracetic ;icids, 
on the one side, and alcohol and mercaptan on the other» bear a great analogy 
to each other in their compounds and in the products of Uicir decomposition by 
the same reagents. The following method was adopted for writing the for- 
mnks aecording to this theory : 

Acetic acid C4 | O4 

Ghloxacetie acid ^« II'} ^* 

Acetate of potasaa ^^K * } 

Acetic ether £'* (C U ) } ^* 

CI I 

Ohloracetic ether (G U») ) ^* 

The following contam Ot Hs 04* but the atoms are arranged differenfly 

Butyric acid | O4 



Acetic ether 



I 



Fkopionate of methy le 0$ ^q^jj^^ | O4 

It will be observed that chlorine, in the type, takes the place of the upper 
hydrogen atoms and potassium, and the radicals the place of the lower nues, 
thus indicating the different nature of the several hydrogen atoms in the ty ne ; 
and, furUier, that, this theory wa^; obliged to assent to the idea of radicaU" 
namoly. j^ronpa of atom-" pi tying the part of single atoms. 

The type theory met ^s itii many supporters, some of them the best thinkers 
which have euriciied mudcni cliemiaLry ; it met with many variations, home 
of which penetrated far into the realms of fancy ; but it would probably have 
fallon into disuse had not the discovery of the compoimd ammonias directed 
th I ! ttioa of the chemical world to this method of imagining the constitution 
of chemical compounds. 

At the same time that attontioti to tlii^ pubjert wn:^ arrested, homoln<;ou3 
SCI ie» wore di-^r(>\ * red. (by a type 1 in uri-t . ) .and inijiortant law <« with re^nect 
to them, such ua iho relative boiling points of their members, their vapor den* 
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Bity, atomic volume, &c., became known ; out of which accossions to our knowl- 
edge was developed the modern type theory. 

The compound ammonias are bases bearing a verj great analogy to ammo- 
nia, their gaits being strictly analogous. By the former radical theoTj it ▼onld 

be impossible to assign to them satisfactory formulae ; but by the assnmption 
that they arc constituted after the pattern or typo of ammonia. tluMr formnlro 
become very simple. They are aramnnia?, in wiiich one or more atoms of hy- 
drogen ore replaced by one or muru radicals, thus : 



H 

Type H 



Etbylnmine. 
(C4U5) 



H fN. 
H ) 



DicthylamttMt 
(C4U5) > 

H ) 



Ammonia. 



Trietbjlamloe. 

(C41 
(C4H, 



.H5)fN. 



The laws alluded to above which enable a more correct cODception of the 
chemical constitution of bodies arc as follows : 

1. TAe law of ecm atamt. — ^The remarkable fact has been discoreied that 
(the eqivalents of O and H being 8 and 1) by far the greatest number of 
organic compounds coutain an even number of carbon atoms ; further* that the 
3um of the atoms of hydrogen, chlorine, iodiue, bromine, nitrous oxide, (N O4,) 
nitrojren, and metal an oven number; which is also true for the sum of their 
oxygen and sulphur-atoms. For example, in Benzoic acid C14 llg O4 the number 
of carbon atoms is an even number, and so is that of the hydrogen and of the 
oxygen atoms. 

2* T/u' la w (faUmM t>o^t(ffie.— The greater portion of organic compounds ex- 
perience in the vaporous condition a condensation during the combination of 
their elcmrnts to fnur volume.-^ — in other words, in the state of vapor their 
atom occupies lour lime.s tlie volume of an oxygen atom. Tlii>: law, it will be 
remembered, is seen by comparing the quotients arising from a tliv ision of tiiu 
equivalents of compounds by tho specific gravity of thdr vapors, and gives the 
result that the atomic volume of the atoms of the elements and their compounds 
bear a simplo relation to each other, as may be seen from the following table, 
which is quoted from ite bearing upon the type theory : 



of bodiai. 



SjraboL 



DivlfiioD of the 
cquiv. by tho 
•pwgr. of vapor. 



Rclathra atomic 

VOlttUMb 



Atomloi 



Sulphur. ...••« 

Oxygen 

Phociphonis 

Hydrogen................. 

NititiseQ .................. 

Chlonne 

BroD^ns. ............. .... . 

Iodine 

Water 

SulplimctfcHl hydrogen 

Carbonic acid 

Protoxide of nitrt^iea 

Ueutoxido of nitro^on...... . 

Hjrdrochloric acid 

Ammonia 

Chlorl<k> of ethyld.. ........ 

Acetic acid 

Vakrifuuue of etbyle ^ 



S 

o 

p 

H 

N 

CI 

Br 

I 

HO .... 

HS 

CO* 

NO 

NO; 

HCl 

NHa 

C4 \U CI. 

Ch 1114 04 



rrW 

Ah 

r) <i 

•I., <, 
I 'J o 



2.41 
7.22 
7.» 
14. 44 
14.44 
14.44 
14.44 
14.44 
14.44 
14.44 
14.44 
14.44 
38.88 
38.88 
38.88 
38.88 
39.83 
38.88 



i 

1 
2 
ft 
9 
ft 
8 
ft 
ft 
ft 
ft 
ft 
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So dotely do ehemieal eompoiinfU eonfbmi to this law that it fa med diilf • 

to control vapor deiiBUy determinatioDB ; the experimeots show whether tho 

condonsatioii is to 1, 2, or 4 volumes, nnd wlu'tli«'r, nrcordingly. tlie cqniva- 
loiit of the body is to be divided liy 7.22, 14.44, or 28.88, to calculaU- the don- 
pity of itti vapor. The calculation ia more accurate than the actual experiun ni 
on account of the superior accuracy by which the equivalents have been deter- 
mined. The law of even atoms, and the observation that in most organie com- 
ponnda ittt condensation is to 4 volames, serve often to determine tlie formula 
of organic compounds. Thus, to acetone was formerly assigned the formula 
Oa H3 O, which sati-fif s neillier law ; by doubling it? formula (.ind ther<? is 
no chemical reason to the contrary) it becomes Cc Hg O21 which .'^atisfie? both laws. 
For the some reason the lormiUaof ether (C4 Hj O) may be doubled to Uio Oj. 

Aeaiu : it has been donhted from its origin and chemical behavior whether 
amjrle obtained horn amylic alcohol (Cm Hu Os) should have the formula On 
Hii, or Om H23 ; but the latter formula agrees with the law of even atoms, and 
with a condensation to four volnmop. 

n. TZ/c /(iw of homologom scries. — Another law influencing strongly the de- 
tenninaiiou of chemical formula;, and which is one of the most remarkable 
among the discoveries of modem chemistry, is that of homologous seri^. 

The following is an example ; 



Bodies. 




Fonnola. 




OoUlogpolnt 


Sp. gr. «t 
60 a 


Sp. gr. of 




- 


r C4 


Jin \ 

11. - 




Hu — 


C20C. 


0.701 


2.97 






c* 


\U \ 
H.I ' 


= Cm 


Hif... 




0.707 


3.46 






; c« 

' Ca 




He. 


Hi»... 


loeo 


0.716 


3.91 






C« 

1 Cio 


n« 

Hn J 


; = Ci. 


H«... 




0.7S5 


4.42 






) ClO 
Cm 


H„| 


j=c« 
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0.741 


491 



The members of this series are subject to the *'same law;** they advance 
from the lowest bj an increment of O3 H^. A general formola for the series 
would be Cn H(n+ Sf) n being an even whole nnmbcr. Their boiling points 
as well as their speciBc gravities in the liquid and in the vaporous conditioa 

rise gradually. "SVe- have, from its position in this series, an addition.il rea?nn 
why ainyle should have the tormubi 0}f» Hjt, and not Cio Hn* Indeed, as may 
be seen in the table, amyle is regarded as having (in combination) Cio IIii» hut, 
when in the fret state, two of its atoms are joined together to form a compound 
atom Oio H». The following are additional illustrations of homology . 



I, llYDROr.ARBONJ}. 

Ethylene C4 

Propylene C^? 

Butylene Ca 

Amylene Cio 

Olefine OnHu 



Tie 



II. ACID.N. 

C, H, O4. 

Formic C2 O4 

Acetic C4 II4 0« 

iVopionic Cell« O4 

Butyiic Ot Ht O4 

Valerianic CiaHwO* 

Paimi t'ic V.V.'.\"."/. V. "c» n» 61 

Stearic GxHigO* 
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IV. Bases. 
0„H(o_5)N) 

Auilinc CizHt N 

Toluidine... CuHg N 
Xylidine • . . Cn Hn N 
Cumidine... CioHoN 
Gymidtne... Cm His N 



V. HVDHOCARRONS. 
Cn ll(n _ 6) } 

Benzoic Ci? Hg 

Tolaole C^Ua 

Xylole CmQio 

Cumolc CigHis 

Cymole OmHu 



III. A I, CO HOLS 

Formylic C2 H4 O2 

Ethylic C4 Hfl O3 

Propylic... Oe He €^ 

Batyiie Co H,o O2 

Amylic OioHuOf 

•••••••• ------ 

Aethalic €32 Oa 

The rnoHt reniarkahlr p!ienomeilOB connected vrith liomolop;ons peries iB not 
the uuiiorm law according to which the formula are developed; but that the 
successive iucremeut ot" the alums II2 contributes to a certain regularity of 
phyaical and chemical character; thus, neighbors in the scries have greater 
analogy to each other than to more distant memben. The aeids and alcohols 
quoted advance (at the normal temperature) by degrees from liquids to solids; 
and chemically, formic and acetic acids on the one hand, and palmitic and ste- 
aric acids on the othrr are analogous. The boilinj; points increase with regu- 
larity ; for exampie, in scricji ii and 111 every additi n nt" C2 Ha adds 19° C. 
to the boiling point. Though this regularity of boilmg point applies to other 
B«riee> the difierence U not tbo same for all ; thos in series V every inerement 
of Ca H3 adds 24'^ 0. to the boiling pomt. 

It would create too great a diTonion from the main object of the pveBent 
article to enter further upon the nature of homologous series. The curious law 
may, however, be cited witii respect to certain series of acids, ethers, and alco- 
hols, viz : that if two of them have an equal number of hydrogen and oxygen 
atoms, and one has X more atoms of carbon, the latter will boil at X 14.5 degrees 
centtgrade higher. For example : 

Benzoic acid. Oh lie O4 ; boiling point, 253'^ 
Propionic acid, C« HgO*; « 137 



Di&renee, Oi 



8 X 14^ ^ lie"" 



Angelica acid, Gto H| O4; -boiling pointi 185^ 
Butyric acid, Ot HSO4; *• 158^ 



Differeofie, G9 



2 X 14.5 29' 



On the other hand, if the number of atoms of carbon and oxygen is the 
same, and one compound contains X equivalents less of hy dr ogen, its boiling 
point will be X 5 G.'^ higher. 

Angelica acid, Cio Hg O4; boiling point, 185^ 
Valerianic acid, Gio O4 ; " 175'^ 



Difference, 



2X5 = 



10^ 



"NTot only are the members nf tho same series subjeeted to one and the same 
law, but some of the series arc connected with each other. The importancf* of 
this fact is very great, since it enables a systematic grouping of chemical com 
pounds. From the character of well-studied bodies, and from the analogies 
alluded to, we are able to pronounce a judgment upon the diemioal constitution, 
nature* and behar-i^r of new bodies. 

This connexion of the series is as follows : 

From alcohol ( '4 11^ we may obtain by the addition of oxygen, and by the 
subtraction of hydrogen, acetic acid, (C4 Ho O2) -f O4 = (Ot H4 O4) -f 2 H 0. 
Hence, in general terms, if from the series (Cn H (n+2) ^2) we subtract IIj, and 
add Ob » (On Hn we obtain nn acid analogous to ae«^ aicid. Moreover, 



11 a 
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by subtracting 2 li 0 from (<Jn U^n+iyOi ) we obtain Cn Uq, or the aeries of 
hydrccarbons (I.) Etliyleoe is tfaiu aetnallj obtained from aicohoL 

Again, from eyery acid of the senes Ob O4 we may obtain aa amida Ca 

Tho law of lic)iii()l(»;ry conduced etrongly to the type theory by contributing 
a better knowledge of tlic chemical con^titiuiuu of bodief. By itf? Ptndy, mdi- 
cals. con tain in ji^ oxygen were detinitely uect'|jtt'd. Thuii, (iu tfcrica 11.) acetic 
acid (C4 II4 O4) is not formed from ethylene (€4 Hi) by the addition of O4, hot 
from alcohol (O4 H« O3) by the addition of 0|, and by the stthtniction of Ht in 
such manner that tli* radical (04H303) ia formed ; which makes acetic add (€« 
Hi 04) = (C4 H3 O2) 11 n ,. As; a proof of ih«' existence of Piich .1 radical iu 
acetic acid, we may obtain hs compound w ith ciilorinc by th" nt rioM of oxychlo- 
ridc of phoephorus upon acetate of soda, and we may reotore thiti ciilorine com- 
pound to acetic acid by the action of water upon it.* 

(NO4) is another radical containing oxygen. By acting upon braaoic acid 
80 ad to substitute f , 1 for hydrogenr we haye nitro^bensoic acid-^hat lsi Oh 
H« O4 becomes Cu H5 (NO4) O4. 

These considerations have been Icadinn;' us *rradually to tho ideas of modem 
chemical types. Such a type is a group of atoms of w hich tlie individual.- h- !?■ 
a certain relation to each otuer, and forms a pattern for imugiuiug all chemicui 
componndB, between the atoms of which a simUar relation is supposed to exist 
It may be illnstrated by certain blocks glned together, or by a cage of wire with 
eompartmentSt in whidi the blocks may be placed, thus : 




Examples of the type of water : 
SMlpkmntttd Hjfdrogem, 





Autie Add, 



AuMe of PoUusm. 





* 8eo u^uimplen of roactions by tho typo uusthod toward tlie dose of thia article. 
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The four compounds reuieseuted above are i^uupobed to be coustituted after 
the pattern of water* whicn to the type. Thus, u the oxygen atoms of the type 
are replaced hy sulphur atoms, we have sulphuretted hyarogen. 

If, in the type, we sub.^tituto for the hydrogen block, upon the left hand, a 
potassium bli.rk, tlie rf^iuh is liydratc of potaH^;^ Tf, on tm- other hand, we re- 
move a right-baud block ot hydiwcu, and ^ub-[ll iit<.; a block representing the 
radical acetyle, we have acetic acid. And if \vu leplace eacli hydrogen block 
of the type, one with a potaeriom block and the other with an aeetyle block, 
Q)ere results acetate of potaaea. 

In the above illustration the compounded blocks are of one size, thus repre- 
senting a vulume of four oxyj^en block.>^, and conforming to the law of conden- 
sation of organic compounds to four voiumc^i. We must bear in mind that the 
individual blocks may be larger than an oxygen block when outside of the 
^pe, though condensed to the size of such block in the compound. For ex- 
ample, 2 volumes of oxygen + 4 volumes of hydrogens 6 volumes, which are 
condensed, by combination of the gases, to 4 volumes of vapOr of water. 

Hydrogen constituiea another type, thus : 



UYOaUGEN TYPE. 
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Ammonia gives another type, thus : 




Etbjlamine and Aniliuc are examples ef this type, and are thus represented : 



Ethylfirnlne. 



Aniline. 





The size9 of these hydrogen and ammonia types axe equal to Uiat of the 

water typf, v?/ : four volumo?. 

With ihrn pn iitninary illustration the following table (Irom Graham Otto's 
Lehrbuch) may be quoted : 
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The table illustrates the method of writing the fonnulee of bodies accordiag 
to the types of water, hydrogen, and ammonia, to which they reepectiTely belong. 
DelermiDatioos of the specific graTitfes of the TSpor of water and of hydrogen 
show that the formalflC! H O and H (O = 8 and H = 1) agree to a condensation of 
ifto vnlnmof. In nrdcr, th' n f ' ro, to make typfs of thcsr- hodics, their formula? 
must be doubkd f»o to corro.-ipond to a condensation of four volomeSf which 
is the atomic volume of the greater part of organic compounds. 

The formola for ammonia N H3 already corresponds to foor volomes* e. 
2 vols. N4-6 vols. H = 8 Tols. condensed to 4 vols. N H3. 

It will be observed that» in the table, compounds of a basic character aie 
placed to the left hand, those of ncid nature to tlic right hand* while salt OT 
neutral bodies occupy positions in the middle of the table. 

It will be oh:<erv(;d, further, that in the formula; of the bodies according to the 

types ^ I Of and ^ | the electro-negative elements azeplaced in the bracket 

to the left Iiand, and these are distinguished into a superior atom of hydrogen, 

enp:ible of Ix insr replaced by chlorine, &c., or an acid radical, and an inferior 
atom of hydrogen tiusc»'ptible of being exchanged for a metal or basic radical, 
while the electro-negative elements, oxygen, sulphur, &c., occupy positions to 
the right handr ootside of the hracket. 

The relations existing between aahjdions or hydrated acids or bases ; the 
difference b^ween hydrogen acids and ozynw acids ; the nature of acid, base, or 
salt, are more readily perceived by a close examinatioit of tlio table than by the 
most extended description. It will be seen by ihia iu:3pectioa how the ammonia 

salts are represented. ^ ? Ot is the acetate of ammonia. ByaddingH 

^] 

to the type ammonia we have a new type q ^ ^» ammonium, which enables 

the formation of salts, according to the ammuuium theory, by intruducing this new 
type into the type of water. Thns diethyle-methyle^unyle-ammonfwn would be 

^* U'. Its hydrated oxide C4 H5 > 0,. Its acetate C4 H5 I VO,. 

The homologoos series may thus be genexalised by this system of nomenda- 

ture — e. g., ordinary alcohol is qJjj^ | ^ai q i) } ^ *^ alcohol, and 

^" ^^''^ J any corresponding acid of the same homologous series. 

Another piiuciple, which Iihb been adouted in ihc type method, consists in 
the assumption or radicals ci^Mible of repuciog II3 or Uj in ^e types. Such 
radicals are diatomic when they replace Ht* and are represrated thus, (",) and 
triatomic ( "') when they replace H3 ; and the types of water, hydrogen, and 
nniTn'uiia are doubled or trebled to form new types by which bibadc or tribasic 
acids or salts may be represented. Thus : 

nmAsic Acir»^ 

Tj-pe. , Solpbnric MkL Succinic nml. Tartaric orid. 

H,f^*- H, J"*' H, f^^ H, f^*' 

TR1BA»IC ACIDS. 
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The followiug arc examplt'^ of the duplicatiou and triplication of the hydro- 
gen And anuDonittin types : 

Typo. Cbioro-tiuipbarlc acU). LbU>ri<lo of suceinvlp. 

Ihi CI, } CI, f 

Tjf*, BtMclDinkle. 

fit) H, ) 

Tjp»k 0>7cbloride of pho«pbOf«& 

Hj > P O,"' 



H3 I F U,"' I 



H3 > C,2 H5 O,'" 

H3 S Ng. H3 
II3 ) H3 



These derived types are cnnnected with the primary types by the hypothe sis 
iliat a "polyatomic" radical may rcpUcc several atoms o( hydrogen in the 
primart/ type. Thtw — ' 

Ty^m. Anhydcowi Kulpharie oeid. Anhjrdroun iroocinic ad<L 
Tjf9. Sttlpbtirotu ncid. 

Typcw SncdiitaiiM*. 

The following examplofl illustrate the lue of the type method of ezpreB8m| 
a chemieal reaction— «. g., that of . hydrochloric acid with hydrated oxide of 

ammonitim. 

By the former method it would be-— • ' 

NH«0 + HG1»NH4C1 + H0 
By the type method — 



Again : hy the action of oxycliloride of phosphorus upon acetate of BoJa, 
chloride of acctyle is formed together with phosphate of soda, which reaction 
ifl represented. 

By the former method — 

P Oi OI3 + 3 (N. 0, C4 H3 O3) = 3 N.O, P Us H- a (C* H3 0,) CI 
By the type method — 

3 (o.^o.}o,)=^&"'}o.. 3 

Some regard the type method of imagining a body as essential in the nature 
of matter; to these the type of the same body is invariable^ with which, if 
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pheaomena agree not, the reason is sought, and the correct type determined by 
experiment 

But others em])]oy thte method as a means of comparing chemical reaetioaii 

and as suggestive of experiments. Siicb write fonnul.T! pometiraes according 
to the ohl nomenclature, and soraetiineB lake j^reat litx rties with the types, 
viewing the same body iu difl'crcut typcb; for example, taking aldehyde 

(G4 fi4 Qt) according to the type thns: ^^^^ | or, according to the 

typc^ I O2, thus: ^* j|* | Oj. 

A very nerioup defect, in my opinion, in the type method is that it places the 
hydrogen aeidti and talLss in a different type from the oxygen acidi* and salts; 
while the analogies existing between these acids and salts fnmish urgent reason 
why thejr shonld have the same constitntion, which similarity chemists have 
always labored to ^discover. It is not fkir to constitnte a type ammonia fomnded 
on the ehemicaranalof;ies of it and the compound ammonias, and at the same 
time place hydro-chloric and nitric acid.s in different types. And yet, by the 
present method, tliey camiot come iu the same type, because, lirst, oxygen cau- 

not come in the hydrogen type, ^ } ; q I i second, in the water-type 

jj > O2 the oxygen outside of the bracket i.^ diiltjientlj combined, compared 
with the oxygen of an oxy-radical replacing H. Thus nitrate of potassa must 
be I Ott and not | > (since O4 and 0% are differently comhined,) and 

chlojidc of potaseiiuni can only | • 

In con('lr.din<; the subject, it may be observed that by the former method of 
writing; formula-, the binary natun- of chemical cnmponnds, owing to the pol irity 
of their atoms, was kept prominent; while this ib not the case with respect to 
type formula}, although iu these the polarity of the atoms is not denied, but 
kept in snboxdinato Tiew. 

Whatever be the faults or merits of the type method, it has, by placing bodies 
before us in a new relation, snpprcptrd experiments (wJiirh. perhaps, would not 
have been otherwise puj?;re?«ted j which have led to important tli^covcrie?. At the 
present time, not to underbtuud this method of writing formulae is to be excluded 
nom folio wmg the course of modem chemical progress. 
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RESEARCHES ON THE PHENOMENA 



WmCH OBABACTEKIZK AMD ACOOMPAlIT 

THE PROPAGATION OF ELECTRICITY 

IK HIGHLY BAREHBD ELASTIC FLUIDS.* 



BY PB0FB880S A. DB LA BIVB. 



TMatlitod Ar tfaeflahhwnlaa lostitation from the Mmtiru tU U Socitti it FlyiMMii 



I was led in 1849, in my iim memoir on the aurora borualis.f to fhow that 
the electric light which iBprodQced iu a vacuum ul' from four to tive uiilliuietrefl 
li obedient to the aetum of the magnet. I rabeequently found that this experi- 
ment* in which, to produce electricity, I at first used an otdinary electric instn- 
ment, and then the hydro-electric machine of Armstrong, succeeded better 
whh RuhmkorfT « induction apparatus. The employment of this apparatiiB 
li iH .^ince snpplit <i the means of studying in a surer and mure commodious 
maiiuer the propagation of electricity in rarefied gases, and thus the assurance 
iMfl been obtained that, while an abeolnte Taeaiim will by no means transmit 
eleetridtj* the presence in any epaee of the smallest qnantity of jpondenUe 
matter in the state of an elastic fluid snffiees for snch propagation. To the con- 
clusive experiments of M. Gagsiot we P3?cTitially owe the demonstration of this 
important principle. It hat* been obnerved that the transmission of electricity 
through elastic fluids is efieeted with more or less facility, according to the oa- 
ture and density of the fluid, and that it is accompanied, when the ^as is vezy 
much nurefied, by an appeanmce whidi has been called the sttati£eation of 
electric light* consisting in die phenomenon of a succession of strata alternatrly 
luminous and obscure, presented by the luminous electric discharge. The 
action of the magnet on this liirht has likewise been stn<li»*d. M. Plucker, after 
numerous and important experiments, has ascertained ii6 law in connecting it 
with the formation of magnetic curves. Lastly, difiereul explauatiouB have 
besn ofoed of the stiatificAtion of eleetric light, some based on the peenUar 
mode of the prodnotion of eleotrieitj byRnhinkoifrs apparatus, others referring 
it* not to the character of the apparatus prodnoing the eleetriettyr but nidier to 
that of the medium which propagates it. 

The phenomena just cit<'d liad awakened in me a lively interest, and 1 have 
for some years more particuiuriy studied them. I have encountered great diffi- 
eahies in this nnrsnit, as, on aeeoiint of the necessity, in openithi|; on highly 
isarefied elastic snidst of having apparatus which will properly maintam aTaeunm, 
M wdl as veiy delicate instmments to appreciate with minute exactness the 
dPCTee of rarcfaration. The establishment at Geneva, rortflnctetl by po >^kilfii] 
a macliiaist as M. Scliwerd, has, however, enabled me in a great mu i-ure to 



* For a table of French tm-asureH, compare d wi th i^ugUsh, see the loAt pafe of this iiepori. 
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Bunnoimt tliose diffiealties, and to arrive at reanlta whieli I oao with eoiMeuBt 

present to tbc society. 

My earlier researches, which had chiofly for their ohject the study of th<* 
general phenomena, were dircctt J only to hydrogen and nitrogen, two gase^, 
difi'cring gi*eatly aa regards their physical and chemical properties, and offering, 
moreover, the advantage of hciug ut once simple, imaltenuile, and without aetkm 
on the metals serving as electrodes. Abnoapheric air» on which also I have 
ett/BD. operated* acts very much as nitrogen, whether because the proportion of 
oxyi^en it contains if ?mall in comparison with that of the nitrogen, or because 
this oxygen, at least in great part, quickly disappears by reason of tlu' trans- 
mitted electricity, which, converting it into ozouc, facilitates its combination 
with the metal of the electrodes. I have also, in some cases, mixed w^ the 
gas snhmitted to experiment a little vapor of water or alcohol. 

Electricity has, in my experiments, been prodnced by a Kuhmkorff indnctkm 
apparatus of mean force, in action by oiio or two paiis of Grove's cup?,* 
and optriitin}^ l)y incanH of the ordimiry cut-ofi'. The electricity lhui« produced 
is tran&milted by means of copper wires covered with gutta-percha through the 
gaseous mediums, more or less rarefied, contained in glass vessels of different 
rorms, tabes, jars, spherical or ovoid globes, &e. These vessels are to be carefidly 
dosed with good taps, and furni.<]ied with metallic electrodes of divcra forms 
and natures, which serve ^o introduce the electric currents, f In the circuit 
which these currents are destined to traverse we plncf distilled water in a small 
glaas trouj^h, pome twenty centimetres in leng-th by live in width and three in 
depth. Two plates of platina fixed respectively at the extremities of the trough, 
and whose surface is exactly equal to the transverse section of the stratum of 
water, serve to establish this water in the circuit. The piurpose o{ the interpo- 
sition of the water is to determine the intensity of the electric current by means 
of an expedient which permits, with that view, the employment of a vi vy deli- 
cate galvanometer. Two wires of platina, each inserted in a glass tube, are 
attached vertically to solid supports, so h& to be immersed in distilled water at 
their lower extremities, which extremities project from the glass only a milli- 



* The battery in question is but a particular forui which I have given to Grove's upparatiLo 
to render its management more convenient and prompt. It is constructed as folhywss 

A glass jar with a large opening of about ten centitnetrt s. closi d with u glass stopper nihln J 
with emery, contains about a litre of nitric acid. Wht u tlie puir is to be used, weremovts the 
stopper and replace it bv a porous cylinder of such diameter that it can enter freely into tJbe 
jar by the opening. Thi.s cvlintlcr, Innp^ enoiifrh to be plunged nearly to the- bottom of the 
jar, has on its upper portion an uuuular protuU^rauco, by means of which it ri <t.s un ih« edge 
of the opening. It contains sulphuric add dihltad with water, and a tube or strip of zinc ioH 
merscdju the acid solution. It is. besides, surrounded extenmlly with a thin phitc ot platina, 
to which is soldered with gold a wiiv, ai.so of pliitina, wliich tcnuiuutes outt»iUc, uavcrsing 
the uiumiiir projection of the ponme ejHndei. The /iiu; and the plaUna wire each carry 

E^rs, by which the cou ln'f'irs arr readily attacho<l. There m?*v ho. several similar 
, and nothing is easier Umu to arrange them in series, so as to ol)iaiu a battery uioru or 
[Mwerful. but a single pair is sufficient, if well motmled, for nearly eU electro-dynamie 
experiments, and particulurl y for the demonstrution of the laws of Anii>»'ro, as well as fur the 
production of the phenumeim attending the discharge of the Ruhnikoril" apparatus in rtir<etied 
gases. 

It is not necessary otten to change the nitric acid, since the jar contains a large quantity. 
The same acid may serve for several days and for many experiments. It is ol advautagv, 
however, frequently to change the acidulated water which fills the porous tube— a very ee^ 
and uuexpensive operation. Finally, an important precaution t.. taken is, that, when we 
oease to use the pair, the porous cylinder should be withdrawn iVoin the nitric acid, can? being 
taken immediately to n placo it with the itopper nibbed with emery, and the cylinder •beoil 
be immersed in a bottle tili< I v irh jtm^ water. Thtis the emanations «f the nitroxis vapors, 
and the penetration of the uiuu acid through the porous cylinder, are avoided. We should 
gnard agiiiiist immersiiig the amalgamated zincs in the same water In which the poroa« 
grlindera have been plnnged, for the unaUeet trace of nitric add in water aafficee to alter the 

t For deeliodee I bave diie47 Oiod bdb of platina, one eanlineCia in diaia^ 
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metre, in accordance with the plan of Dr. Wollaston, while their upper extremi- 
ties communicate respectivelj with two ends of the wire of a galvanometer, 
whose eoils toe well isolated by means of resui. The supports which bear the 
platina wires arc movable along a division in such way tnat the two extremi- 

ties of the wires immersed in the water may be made to approach one another as 
closely as possible, or be separated very nearly the whole length of the stratum 
of water. By means of a micrometric hcrcw, the relative distance of the two 
points of platma may he ao varied as to be appreciable to neaily the tenth of 
a nullimetre. These two points draw off an almost insensible proportion of the 
electric current winch traverses the trongh filled with water — ^a proportion, how- 
ever, which suffices to act in a distinct manner on the needle of the galvanometer. 
The proportion drawn off depends for a current of cnnj«tant intensity on the dis- 
tance of the two pointR, so that, it" the intensity be variahle, it is the variable 
distance to which it is ucccssaiy that the two points shall be brought, in reference 
to one another, in order for the Indication of the galvanometer to remain con- 
stant, which measures the proportion drawn off in each case, and thus, by a ratio 
easily determined, the absolute intensity of the current. 

Fiyi illy, a p;ood pneumatic pump, to which a second complementary one may 
be juiueti, enables us to bring the ^a^ to an advanced decree of rarefaction. As 
to the elastic force of the gas, that is measured by a manometer of mercury 
very carefully constmeted, with which, by means of a catbetometer, a difference 
of pressure of even the fiftieth of a millimetre may be appreciated. 

§ L-OENEBAL PHENOMENA PKESENTED BY THE TiBANSMlSSlON OF 

ELECTBICITY IN RAEEFIED GASES. 

The Ruhmkorff apparatus, of which I have availed myself, gives in the in- 
ducted wire two puccessive and alternately contrary discharges. Hence, if 
these discharges encounter in the circuit which they traverse only good con- 
ductors, such as metallic wires, and even distilled water, no deviation is re- 
marked in the galvanometer, because the discharges being alternately in a 
contrary direction, and in rapid Succession, their opposed double action is 
neutralized. But if the circuit comprises an elastic fluid very much rarefied, 
the resistance which it opposes to thr- passage of the two fnecespive discharges 
causes one of them to predominate, so iliat the phenomena take placo as though 
there were but a series of discharges all in the same direction. The explana- 
tion of this difference is, that the two discharges, or inducted currents, though 
equal in quantity, have not the same tension, the direct, which have a less 
duration, having a stronger tension. It thence results that when the circuit is 
interrupted by a body which is a bad conductor, ?nch as an elastic fluid more 
or less rarefied, the direct currents can alone he transmitted, so that the direc- 
tion of the inducted current which traverses the elastic Huid is the same with 
that of the inductive current, and the latter changing, the other changes at the 
same time. 

The pressure at which a discharge of a given intensity begins to pass through 
a gas varies with the nature of that gas, with its degree of rarefaction, and with 
the dimensions and form of the vessel which contains it. Moreover, the dis- 
charge does not pass immediately upon the electrodes being put in communica- 
tion with the poles of the Bnhmkorff apparatus. For that a certain time is 
necessary — a time so much longer in proportion as the resistance is greater, 
whether arit*ing from the nature or density of the elastic fluid, or from the effect 
of the form nnd dimensions of the vessed. Thus, in a long tube, from 2 to 
5 centimetre.-^ in diameter and from 30 to 50 centimetres in length, it requires 
several minutes before the discharge can be transmitted, however rareficoi the 
gas. But the first discharge having once passed, the succeedmg ones pass 
with fy/iS^tj, and follow one anoUier so rapidly as to produce on the galva- 
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nometer the efifect of a contiuuous carreot. The passage of the discharges mar 
even be interrapted for muaj mrnntes whhoiit vtt 1ob8 of the capacity wbidi 
the gas had aeqaired of inimediately tiansmittuiff (hem. To lose ft completely 
wo most wait a long time, or renew the gas, and consequently again rarefy it. 

An equally important fact to be noticed is, that tho (li«cliarj*es once tranpmitted, 
there may be gradually introduced, while they arc passing, a new quantity of 
the same gaB, which amounts to an augmentation of the density, without their 
ceaBing to pass ; the preflenie may thus be carried to ahnoet double what it wae 
at the begiimmg. xhe dh*ection of the discharges has no itifiaeiice on this 
train of phenomena; for, the discharge having once effected a passage, its 
direction nrty he changed at will, without a cessation of immediate transmi^jsion. 
This result, which I have had occasion to verify in many and very ditVi ri nt 
cases, would seem to show that the gaseous matter opposes a ccrtuiu inertia to 
^e establishment of that particnlar disposition which the transmission of elec* 
taicity requires, and wliich determines the teni^inn which precedes that trans' 
mission ; out that this disposition once established, it snosists long after the 
pasfag^e of electricity ha? ceased, provided no diFttirbanre interrcne in the state 
of the gat». It had lon<r been gupposscd, particularly in the theory of Grot thus 
on electrolytic decompogitionSf that someiiiiag analogous occurred in the trans- 
mission of Toltue currents through liquids : it had thence been inferred that 
the tenni >n of t]i> poles of the piles induced in the liquid in which these poles 
were plunged, a polarization, which preceded the passages of the current. Only 
thej5e two effects succeeded one another in a time so short as to be inappre- 
ciable, while with g^?e9 they would be found to be separated by an interval 
of more or letiB duration, but always appreciable. 

I shall restrict myself here to certain numerical results* — results of but little 
importance indeed, since it is impossible to deduce from them a law, in view of 
the numerous causes which occasion them to vary. They serve only to show 
the ;iccuracy of the general prijieiple which T have just indicated. Wo may 
alj*u infer from them the «^eai superiority of hydrogen ov(^r nitrogen and atmo- 
spherie air, as regards its conducting power — a i'act already noticed by several 
experimenters. 

In a tube 5 centimetres in diameter :ind 16 in length, the dischaiga, when 

the tube was filled with ahnotpJieric air, only began to pass when the pre8.«nrc 
was reduced to 20 milHmctrrc ; with mfrogcn it passed under a pressure of 24 
millimetres, and with fii/dn>gcn under that of 36 millimetres. It is true 
that subsequently, under the same coudilioue of intensity, and still with 
hydrogen, tne discharge passed at pressures of 42, and even 48 milUmetrea; 
when rendered still stronger, it has been transmitted under a pressure of 
even 72 millimetres. With a tube having a like diameter of 5 oentime^es, 
but only one metre in length, the same discharge only began to pr\c« throngh 
nitrogen under a prestjure of from 4 to 5 millimeters; with hydrogen i\ pat-ted 
only under a pressure of from 12 to lii'""*. Afterwards, when stronger, and 
Main with hyorofen, it passed under a pressure of 18» and even 20™. When 
the discharge begins to be transmitted, it exhibits itself in yery minute jets 
or streams, more or less intermitted ; afterwards these streams combine to form 
a larger and more continuous one. In a jar filled with hydrogen the discharire 
pa^ssed from an isolated central ball to a ring 12 centimetres in diamri- r. 
makmg the distance of the transmission but 0 centimeties in a space of hydro- 
gen which might be called unlimited. In this case it was transmitted nadar a 
pressnre of 128™™ in the form of streams more or less intermittent and imdn- 
lating, darting from the central ball to all points of the ring indifferently. At 
90™°' the discharge gave rise to a continuous stresmt susoeptabie of beoig 
flueuced by magnetism. 

We see, by the instances just cited, that the pressure under which, for any 
given gas» the dischaige can pass Yaries with so mia j dicumstancsar that Its 
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determination is of liitle importance. Not bo, however, when the discbarfjc is 
oDce transmitted iu rt'gurd to the influence which the pressure oi the gas it 
tfsveraes exerta m ito iataarity. Tlie following aro two oomparatire experi- 
ments made with nitrogen and hydrogen. Theae two gaset were snceessivelj 
introdaeed into a tube 5 cditimetres in diameter and 50 in length; the dis- 
charge passed between two Ij.iU.-; of plntina one crntimptr(» in dianicter. placed 
respectively near each extremtly of ihe tube, so that the passage across the 
gaseous medium wus quite 50 centimetres in extent. 

NUrcjgem.'^The intensity of the discharge was measured by means of Hmt 
of the derived current received by the two points of platina plunged, at a fixed 
distance of ISO^, in the distilled water whieb was placed in the dremt : 



Vmmn, lutnttity tiK derived cnmitt 
9^ Galvanometer almoet insensible. 

G*"" 13° to 16^ 

4"" to 5^ 26° to 30^ 

3mm iQ^mm 350 

3"" 3b ^ to 40^ 

2«" 42«to46» 

liijdrogen. — Proceeding at first as in the case of the nitrogen, the two points 
of piatina which received the derived onrrent were left at a fixed distance from 
one another: 

Pmsare. loleosiiy of derived cnneols. 

C(P»to30"» l«to4*» 

26°"" .* 5° 

18°"" 6° 

16™™ 7° 

13»* 13° 

10«» 40** 

9»» 50** 



For pressure of Ip.-js tlian 9 millimetres the points of phxtiiia were in each 
case brought nearer together, so as to have a constant current. At a distance 
of iiS"*", the derived current, which imder a pressure of 9°*™ had been 50^, was 
reduced to 40^. The following series was then obtained ; and here, in order 
to restore the deriv( J ciu-rent to 40°, it was requisite* in proportion as the press- 
ure diminislied. to bring the points closer together, so as to render the interval 
of derivation smaller: 



FTMsnitt. Distance of points. 

9™™ 66"™ 

'jmm ^ ^ ^ ^ ^ 30""° 

25"^ 

20™™ 

4™" 17»" 

3iuni ^ 14""° 

^uun ,,,,,,,, ignun 



Thus, as &r as 2™™ of preaanrei the intensity of the derived conrent, and 
consequently the conductibility of the gas, goes on increasing as well for the. 
hydrogen as for the nitrogen ; but we see bow much more considerable is the 
conducting power of the hydrogen tlmn that of the nitrogen, since, under a 
pressure of 9™™, all other circumstances remaining; tlie name, the derived cur- 
rent is, with the nitrogen, scarcely sensible, while it is 60^ with the hydrogen. 



Digitized by Google 



I 



174 PHENOMENA ACCOMPANTlNa 

Id two other comparative experiments, the piessme and the dklance of the 
electrodes were maae to vary tuike for the nitrogen and hydrogen. The two 

eases had been successively introdueod into the fame ovoid, globe. The fol- 
lowing table gives the intensity of the derived currt^-nt lor three different dis- 
tanced of the electrodes under different pressures, when nitrogen it» in the hall : 



FteMon. Distance of the electrodes. 

14 cent. 7 cent. 1 cent. 

20""" 10** 23° 66* 

S^*" 40*» 47<^ 66** 

6»"" 50** 67*» 

3"« 65* 650 579 



When for nitroj^en we substitute hydrogen, the results differ «omcwhat, 
especially in the lower pre?suref, and when the electrodes are iu close proxiinity 
with oue another, which proceeds probably from the circumstance that the 
gaseons medinm, In view of the fonn of the Tesael, may be regarded as havii^ 
an almost indefinite breadth. In a Urge receiver, in effect, where the current 
passes between a central ball and a concentric ring having a diameter of 12 
centimetre?, the intensity of the derived current is very little increa^^ed by 
(liminirhin^ the j)restture beyond ICP". That iiiieu.^iiy, incai^ured by the de- 
rived current, amounts, under a pressure of IS""", to 06 ; under a pressure of 
10"^, it attains then augments gradually as £ur as 6*"™, when it reaches 
its mazimnm of 50*^, which it never exceefk, manifesting rather a slight ten- 
dency to become less under 2™°'. By raiding the central ball so a? to give to 
til*' « lectric ?heet a conical iuiStead of circular form, the conductibility is not 
sensibly diminished. Under the same circumstances the atmoj<pheric air tloea 
not present a resistance much greater than the hydrogen ; thus the intensiiy 
of the derived current is 36" at 6"» instead of 60**, and at is 46*>. How- 
eTer» with the tube of one metre in length, hydrogen must be subjected to u 
much weaker pref»?ure in order to transmit the discharge, but its conductibility 
incn-a.^'es very ra])i(lly witli the diminution of that pressure. Thus, the appa- 
ratus of derivation being placed in the circuit, we have: 



PreMure. Inteneity of the derived eiumiL 

0° 

^uim ..... . . 12° 

3""^ 22° 

S""™ 30** 

2»»« 62® 



Finally, with the same tube, one metre in len;j:th and 5 centimetres in 
diameter, a sensible and ri';;ulnr an;;mcutation in the inten?itv of the derived 
current has been oblaiiied, tor ihc bauie pressure and in the two gases alike, by 
a corresponding dimmution of distance between the eleetrodes. The compari- 
son of tne numbers indicates, that, when the gas is sufficiently rarefied to be a 
good conductor, that is, to permit the discharge to become, t^o to ?ay, contintt- 
ous, it follows, like liqui?]^ and solids, in it« conductibility, the 1 ;v. <>t' the inverse 
of the length. It has been already <fen that the influeni*- uf the section 
and of the volume is very considerable j but 1 have not been able to determine 
its law in a precise manner. 

Thus far I have considered the propagation of electricity in gaseons sub- 
stances only in relation to the resisUmce they oppose to it — a resistance variable 
with their nature. th( ir density, and their dimensions. I have but glanced 
at this pail ol my subject, to wljieh T >*hall return at an • arly occar'ion. as I 
propose to extend my researches to a much larger number of gaiseous substau- 
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ces. I pas? now to phenomena of quite another order, aiid which relate to the 
mode itself iu which the propagatiou of electricity ia effected iu gases — a mode 
which maaifests itself under the form of stratification of the electric light. 

» 

i n.— INYE8TI0ATI0NS REQABDmG THE STRATIFICATION OF THE 

ELECTBIC LIGHT. 

It is known that at a certain degree of diminatioii of the eUstie foree of 
A gas which tranfimits the electric cucrent, that current becomes stratified^that 
18 to ^ay, is decomposed into strata alternately obscure and luminous. The 

Jtralification commences by the appearance of certain slight j^tria- or furrows on 
the side of the positive electrode; then gradually, a^ the ela^^tic force dimin- 
ishes, the current, which wud at first very narrow, dilatcis, and the otriai grow 
larger. Next appears an obscure space> separating the extremity of the lumi- 
oovfl column from the negative eleetoode, which is itself surrounded with a bluish 
atmosphere. This atmosphere continues to dilate, and the obscure space to 
lengthen, in proportion as the rarefaction of the gas increafei^. 

In order to obtain the Bt ratification of the electric light, it irf necessary to di- 
mini.-]i the pren^nrc of a <rari in proporti<jn a.-' the j^an; offers more re^iftance to 
the IraiijjUiieoiou of electricity. Thus iu hydiugeu, uuder a pressure of 16^™, 
the electric stream, which consists as yet of bnt a small rose-colored filament 
from three to four millimetres in diameter, is seen to divide into very distinct cir- 
cular sheets, alternately obsctm3 aud luminous, the breadth of which is one-fourth 
of a millimetre. These stria;, at firf»t more distinctly marked at the positive elec- 
trode, become general thron-^hont the whole electric current, whatever be its 
length ; aud, iu proportion as the nressure diminishes, the stream bccouuis en- 
larged, SO aa even to occupy the whole interior of a tnbe five centimetres in di- 
smeter. At the same time the breadth of the alternately obscure and luminous 
divisions so increases that, under a pressure of 2"*"^, it is about 5°^. These di- 
vision? are themselves annular, as I have satis fii d myself by closing the tube 
■svhicli contains the rarefied ^as, at one of its extremities, with a glat«!* disk, 
v> 'mch permits tlie whole interior of the tube to be seen iu the direction of its 
length. 

When the stria begin to appear, an obscure space, as has been said, is seen 

to form in front of the negative electrode, increasing in proportion as the press* 
lire diminishes, so far as finally to occupy a length of ten centimetres — a length 
which is independent of that of the ga.-'eous column. However, by oT' ;''r\ incr 
with attention this obscure space, we discover, beyond an interval which is per- 
fectly black, aud of a well-deiined length of from 2 to li^^, a palish, rose-colored 
^eam, wbidi is only visible in ntter £urknes8. This gleam, wludi has the form 
^ a cone, whose base is the last section of the luminous column, only appears 
^'hcn the pressure has become very slight aud quite inferior to that under which 
the obscure space is manifested. It is accompanied by the appearance, in the 
same obscnre space, and at unequal intervals, of several still more liuiiiiK Us 
rings, (1 have coimted as maiivas four,) wiuch contrast, by their immobiiuy and 
their well-defined ontlmes, with the agitated striip or divimons of the rest of the 
corrent. Let us add* that the luminous and stratified part of the cnirent, which 

much the longest, is so much the more distinctly and sharply separated from 
the obscure or palish part, as the electric discharge is more intense. 

The bluish atmosphere which surrounds the negative electrode is also en- 
larged in proportion as the pressure diminishes, aud nearly iu the same ratio 
SB the strise. At the same time, its brightness becomes less vivid, aud its exte- 
rior outline less sharply defined. This bluish atmosphere, which at first 
enveloped only the negative baU, at last, and in proportion as the pressors 
diminishes, equally envelops, in all its length, the metallic rod wliich supports 
the ball ; at least» if this be not covered with an isolating coat, which indicates^ 
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ou the part of neg-ative electricity, a p^reat facility in dispexsiog itsdf in the 
ambieut medium, when once tiiat medium ii^ raretied. 

The agitation of the strix iii the lumiuoui> part of the current becomes venr 
eoDsiderable under the slight presBoie of two miUimetiet. It numifests Ita^ 
at first ver7 Mns^blj in the neighborhood of the positive electrode* from which 
the Inminoos stream iesnes nnder the form of m ontspreading cone« which, in 
proportion as the pressure diminishes, becomes more and more cylindrical, nntil 
it assumes altogether the form of a cylinder of whoj^e circular base the elect rodt- 
is the centre, the agitation of the stri^ being, at the same time, general through- 
out the whole ezteot of the current 

When the discharge is efiected in a cylindrical jar, between a ball serring as 
a negative electrode and a metallic ring of which that ball is the centre, and 
• which fjcrves as a positive electrode, the blni?h atmosj»ln rt' which snrrounds the 
ball enlarges by several centimetres at a pressure of l^""", and its ext< rior out- 
line is covered with small filaments, presenting a tuftiike appearance. These 
filsments ate probably formed by the series of molecules which transmit the 
dischai]ge. They are mnch more distinct with hydrogen (a good condnctorl 
than with other gases. If the ball serves as a positive electrode, it is sunoandea 
with a lively ro^e-cnldred halo of about a centimetre in diameter, presenting 
well-marked Btratitications ; then come? a dark annular space, which terminates 
at the ring, which is itself completely invested with an envelope or sheath of 
clear violet, with opaline tints. 

Nitit)gen presents the same phenomena as hydrogen, though the stratification 
of the electric light does not begin, exc('])t under a much feebler pressure. In 
the long tube (one metre in h ngth) the agitation of tie striic, under a pressure 
of 2°"°, is even rnorc coTusiderable than with hydrogen. These strife seem to 
iuim an animated ia iix, with a movement of rotation around its axis. The 
light is also more vivid, the tint being of a peach-blossom rather than pale rose, 
color. The phenomenon of a most brfllhmt description. Further, there is 
the same obscure space in the vicinity of the negative electrode, the same 
(^immer of palish rose color at a weak pressure of from 1 to 2*°™ in this obscure 
^ace, the same appearance \n friimmerin": mi^^t M' well-defined and motioil* 
lo!!8 rings more luminous thun the space which surrounds them. 

Atmospheric air corresponds in its phenomena with nitrogen. I have ob- 
served only that here the agitation of the stria) is less striking, and the light of 
a rose eolor less deep than in nitrogen. 

The appearances which I have just described are, therefore, within some 
mere phadinj:^?!, precisely the same in hydrogen, nitrogen, and atmospht ric air ; 
they M%i equally the fame, whether these gases are dry. or contain tlio vapor 
of water or of alcohol in more or less rjunntity ; ther<' aiv no ditferences, except 
that the pressures at which the various phenomena, and the tints of light which 
aeoompuny them, are observed, vaiy with the nature of the rarefied elastic fluid* 
We cannot, then, attribute the eiTects just considei'ed to an electn^chemicsl 
decomposition which cannot take place in a simple and well-desiccated gaa, nor 
to any action appertaining; to the chemical nature of the elastic fluid. They 
are evidently the result of a mechanical action which accompanies the trans- 
mission of electricity — an idea first advanced bv M. Kiess, who showed that an 
analogous nhenomenon presents itself, under a little difoent form, it is true, is 
liquids' ana in solids. 

The phenomenon in mrcfied elaatie fluids would consist in the alternate con* 
tractions and dilatations of the papcoiiF medium produced hy tlie series of di?- 
char;^«'S, alwa}'s more or letis intermittent, of wliicii theelortrie stream is fornit d. 
In fact, whether it be by Uuhmkurtrs apparatus, or an ordinary electric miichine, 
Of by a hydro-electric machine of Armstrong, that the stratifications are wo- 
dnoed, there is never a contiuuous discharge, but, in reality, a aeries of di§- 
dMHiges which may succeed one another so rapidly that the inteimtMliMi shafl 
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not be ^>etrayed, even hy a galvauometer. But it does not the less exist, as M. 
GttBfliot hAB shown in operating with a pile of Grove at high tension, which, 
with the Bamc clcctrodee, md m the same medium, will givo rifle, first to Btrati- 
ficationa, and afterwards, when the emrrent has become continnons, to a roltaic 
arch. 

The inechauit tl action oi' the berioi* uf di.-^t-hiufrcrt on the rarefied cla«tic fluid 
may, indeed, be directly verified hy the very muiked oscillations of the coluiiiu 
of mercnry of the manometer phiced in commnnieation with the elastic flnid, 
which accompany the propagation of electricity in that flnid. These oecilla- 
lioTiH ri-c to two or three tenths of a millimetre in liydrogen, under a pressure 
ot lb"*"'. The3'- begin to be sensible when mice the stream parses, that i? to 
say, at 36"*^ ol" pressure ; attain their mnxiunnn ol" thn-e-tentnp of a inilliiiictre 
between 20 and 12™™ of pressure; and diminish rapidly in descending from 12 * 
to d>>™, at which last preesure they no longer take puice. With nitrogen and at> 
ttosphcric air, and employing the snme tnbe 16 centimetres in length and 6 m 
diameter, the oscillations begin, ut the moment when the stream passes, under 
the pressure of about 20™*" ; attain tlieir maximnm of from four to five tenths of 
a niilliuK'lre Ijetween 12 and of j)ressure ; and then continue to diminish 
until 2 or 6"^, at which pressure thvy cease to be ecnsible. 

With the tube one metre in length, and even with ^at of 50 centimetres, I 
have not succeeded in observing any appearance of oscillation accompanying 
the transmission of the electric cuiTent, what over might be the gas enclosed in 
these tubes, and whatever the pressure to which it was subjected. On the other 
hand, I have obtained very distinct one.-^. of one and two tenths of a niillinietre, 
under pressures varyhig IVom oO to 15'"'", in a jar 20 centimetres in height by 
16 in oiameter, filled witb rarefied hydrogen, and in which the electric stream 
pasi^ed from a central ball to a ring 12 centimetres in diameter concentric to 
tiiat ball. This last result shows that the abnence of oscillations in the long 
tubes has less connexion with the volume of the gaseous medium, whicii is less 
than in the vessel of the last experiment than with the inlkience of the sides 
of the tubes which cmbanass the movement oi the gas. It is also a proof that 
the oseillations proceed from a mechanical action, and not from an elevation of 
temperature. As regards their intensity, the oscillations evidently depend on 
die greater or less resistance which the gaseous medium opposen * the trans- 
mif«f»ion of the electric current, since the o-^cillnti'on? are more consideiuble with 
nitro;j,"en ihan with liydr".L''<'n, and diminish as the ji leisure does, reckoning* from 
a certain point of the pressure, which is that at which the diachai'gc can taltc 
place in a complete manner, and at which the intensity of the oscillations attains 
its maximum. 

The stratification of electric light would appear then to be a phenomenon 
nnnht<;on?5 to the production of undulations of sound, that is to Fay, anncchanical 
phcuoujeuon proceeding from a succession of isochronoun inipul.ses communi- 
cated to the rareiied gaseous column by the series of electric discharges rapidly 
snceeeding each other. We find a new proof favorable to this view of the phe- 
nomODon in the perturbation which a displacement of the gaseous matter occa- 
sions in the stratifications, and, consequently, in the disposition of the elastic 
fluid which permits those stratifications to nppear. To produce this perturba- 
tion, it buiiices to introduce into the lube in which there is a rarefied elastic 
fluid, and while the electricity is in process of propagation, an additional 

gnantity of the same gas already enclosed therein, so as to increase the pressnre 
y one fourth or one-half of a millimetre at most. Let ns see what then occurs 
with hydrogen, remarking that the cfifects are the same with the three tubes, 
lespectively, lo, 50, and 100 centimetres in length. 

We bejrin hy rarefying the gas to the extent of 2°"", so as to have the phe- 
nomenon of the stratifications as distinct as possible. Wc then introduce a 
fffii" quantity of hydrogen ; if the introduetion takes pkoe on the side of Ae 
12 8 
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negative electrode, striie of a fine rose color are immediate! j eeen to form in the 
obscure space, their diameter being that of the stratified colomn^that is, of 
the tabe, while they are at the same time Teiy narrow and well defined. They 

are gradually propiigatcd in the tube, confounding themselves with the tnigioal 

strise, which nro much larger and Ic?s dij^tiiiclly limitrtl ; then, as food as the 
entrance of the j^as is arrested, tlio luminous column is scon to recede fclowlj 
from the negative electrode, and re&ume gradually it4> primitive appearance. 
When the introduction of the gas takes place on the side of the poi>itive elec- 
trode, in place of the strin occupying the whole cavity of the tube, we see a 
bnlliant stream of very small diameter (2 to 3™") distinctly striated, and quite 
similar to a minute spiral spring (ressort a boudinj advance along the axis of 
the tube in the rcliilivoly ol)<curo interior of the luminous column, which itself, 
as soon as the gas Ugiiis to eater by the positive as well as by the negative 
electrode, immediately udvauces so as to occupy almost entirely the obscure 
space up to the negative electrode, from which it is only separated by die hi' 
terposea stratum, 2*"°* in thickness, which it cannot snrmonnt. Then, the intvo* 
duction of the gas once stopped, everything returns quickly to the normal stale. 
By whichever f)f the two extremities of tlu* tube the gas is made to penetrate 
we see, on the entruuec of thr ;j:as, a vt ry subtle mint of a ro:*t'ate white color 
make its appearance, and ditl'ase it.-^elt iu the tube ; but this, as ouou aa the in- 
troduction of the additional quantity of gas has ceased, passes over from the 
negative to the positive electrode, leaving the obscure space to form itself anew, 
and momentarily hiding in its passage, by enveloping them as it were with a 
light cloud, the successive stratifications of different parts of the column ; then 
thi.-^ mist disnppeai*s, and the himinous eoluran resurae^< its primitive appearance, 
which it maintains ho lon;j; as uotiiini; is changed either in the electric curreni 
or the state ol' the gas traversed by it. The appearance of this mist, wliicb per- 
fectly resembles that I have mentioned as existing in the dark space of the 
oolunin in a state of repose, well denotes the agitation into which the introdne- 
tion of a small additional quantity of gas throws the whole column — an agilatioa 
80 conspicuously manifested by the prop^rerJ^ion of tlie Ftrio? and their encroach- 
ment on one anolln r. The phenom< i;on |^)re.'*ent-< this further fc-sttip- : ihat ilic 
definiteness and brightness of the striie in the gaseous portion introduced, which 
make them so plainly distinguishable from the goa which was already in the 
tnbe, enable ns to follow the progressive movement of that portion from one end 
of the tube to the other. The experiment ni;iy be repeated seversl times ia 
succession by successive introductions of additional quantities of gas, provided 
that each time the ]irr?eure be not increased more than ^ of a millimetre, and 
that the total pre«>nie tlo not in all exceed 5 or 6"'™. 

With nitiog^'ji and atmospheric air the mcidents are the same, only we oao- 
DOt push the experiment so &r, the pressure at which the phenomenon eetsci 
to take place with tin ;:,^tses l>eing much less than it is with hydrogen. Thr 
narrow striaj which display themselves at the moment of the entr iuc( of thega? 
on that sifle Avlicre the entrance t-nk^?" plnco are also less diMinrt ami Irss bril- 
liant, but tb< ] <• is < ([iially a nxaueniary disappearance of the obscure space, the 
production of a roseate mist, and progression of this mist, on the cessation of 
the introduction of gas, from the negative electrode to the positive. With the 
three gases alike, w c see, when the introduction is effected on the side of the 
negative electrode, the mist advance at first like the slender striated thrcid 
which follows the axis of the tube from the positive electrode to the negative: 
then, having arrived at this cxtn niity ot the tube, it turns back, passing ovflr, 
as has been said, from the negative to the positive electrode. 

This mist evidentlv proceeds from a portion of the gas which, in entering the 
tube, is excessively dilated, and becomes visible by the dtectridty which trsv- 
erscs it. From the slowness with which the mist is propagated we may jud^e 
•«f the feeble degree of elastic force in the gas. It is to the same catise probshlf 
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that wc should ascribe the alownesa with which the mixture of the ga? which 
is eutcriu^ the tube with that already present iu effected — a blovvuofcd which i» 
majufeBtea by the drcmnstaDce of the definite and Barrow etrisD appearing in 
the Btv portion of gas, wbile m the old the »tnm are rnneh larger* and by no 
means so distinctly defined*-a phenomenon which can only proceed from the 
former not ])cin:r, nt tlic moment when it enters tlio tube, so much dilntorl n'? the 
gas which web already there. In fine, the fact that the gaseouf? column with 
narrow striaj is much larger when the gas which produces it enters on the side 
of the negative electrode than when it enters on that of the positive, is a proof 
that* before the new Introdnction of gas, the gaseona colnmn already in the tube 
was much more dilated in the neighborhood of the negative electrode than on 
the side of the positive. So, then, the passage of the ( lectric discli.irf^ep very 
rnpidly sticceedinp^ one another across a rarefied gaseous column would pro- 
duce ihereiu, when the rarefaction had reached a certain de^oe variable with 
the nature, and consequently with the condnctibility of the gas, llrbt, a consid- 
erable dilatation of the eaaeons matter aronnd the negative electrode, and next, 
beginning in this dilated portion of the column, a succession of alternate con- 
tractions and dilatations as far as the positive electrode. It is highly probable 
that the eamo effect takes place when the gas is not sufiiciently rarefied for 
producing stratification of the electric light. But in that case, the greater 
ckstic force of the gas, joined with the neeeflsarily less rapid sacceeeion of the 
discharges, allows the immediate return of the contracted and dilated strata to 
their state of normal density, and thus prevents that double state from mani- 
festing itself; while when the gas is less elastic, and the discharges succeed one 
another more rapidly, the state of dilatixtion and contraction of successive strata 
produced by a first discharge still subsists when a second arrives, the redolt 
bein^ that it becomes sensible. 

The transmission of electricity, then, through a gaseous column occasions a 
mOTement in the particles of gas, and that movement eeems to be an impulse 
emanating from the negative electrode. Might not this effect be attributed to 
the static electricity with which the molecules arc charged, and which would 
augment their constitutive repulsion ? Wo know, and it is seen by the lumi- 
nous aureoles which snnound^the negative ball and rod, that, at an equal tension, 
the nesitiye electricity issues more readily than the positive from its metallie 
electroaes in order to penotrato into the rarefied ambient medium. HenoOf the. 
portion of that medium nearest to the negative electrode must be more charged 
with static (negative) electricity than is (with positive) tlic portion of the rare- 
tied gas near the positive electrode; it is not, then, surprising that the repulsion 
of the gaseous moleculcs, and consequently the nure&ction of the gas, should be 
greater in the first of these two portions uian in the second.* Now, why does 
negative electricity difhlse itself more easily than positive under the same con* 
ditions of intensity, magnitude, and position of (.'lectrodes, nature and rarefac- 
tion of the ttml)icnt niediuni / Hero is the mystiry, or at least a point of most 
interesting cousideraiion regards the theory of electricity. 

$ ni,— PABTICULAR PHENOMENA PRESENTED BY DTT'FERENT PARTS OF 

THE STRATIFIED ELECTRIC CURRENT. 

The gaseous column traversed by the electric .current is composed, as we 
have paid, when it has been brought to a cei-tain degree of rarefaction, of strata 
alternately dilated and contracted, with an ob«cnre space greatly dilated in the 
neighborhood of the negative electrode. The mure dilated parts of the column 
offering less resiitance to the transmission of electricity must remain obscure. 



" Tbc fact that the ekcirieity of tension is more rusily propii fluted arotiud tbc negative than 
around tbc positive electrode may be readily vcriticd bv experiment, as woU %a the pcnuanont 
stato of electric tension of the gasoous ccdomn during tho passage of theeloelriecnrrent, what- 
«m may be the rvefsetioik of the gsa. 
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while tlio more contracted, v, \th less capacity of condaction, grow warm, aod 
become lumiuoue, e\cu when it ia the Bame discharge which traverses them. 
We should here expect a 'phenomenon exactly analogoiu to that which is pro- 
duced when wo place iii the circuit of a yoltaic ]iile a chain fonned of alternate 
wires of platiua aud eilvert having the same length and diameter; althongh they 
both transmit the same current, the wires of platina, offering moet resistance, 
grow hot, and become even incandoBceutf while those of silvery being better 
conductoi'i^, remain cold uiid opa(^ue. 

To demonstrate that in fact the space lemaming opaque offers lees reeistanca 
to the transmission of dectrid^ in the stratified column than the luminous part 
ci tliat column, I have arranged two small disks of platina, 7^ in diameter, 
each attached hy a point in its circumference to tlie end of a wire of jdatina. 
enclosed in a tube of glass, in pucli a way a.** to be kept parallel to on«* anotiier 
at a dibiuuce of three centimetres;. The two disks are connected in a solid 
manner, though very carefully isolated, and without any possible electric com- 
munication except by means of the wires of platina soldered to their ctrcnnifer> 
cnce, and enclosed in a tube of glass. The free exti-cmities of the two wires of 
platina can be respectively placed in communication with thoHi- of the wire of a 
galvanometer. The apparatus is arranp;ed in siuli manner that the two disks 
of platina may be introduced into the stratihed (dectric btream so as to cut it 
trauiivcrsely, aud to have their centres situated in the very axis of the etream 
They thns serre as soiauU destined for the derivation of a part of the cnrreDt, 
and the intensity of that derived portion* "which is so much lees as the conduc- 
tibiltty of the interval of derivation is greater, is measured by the deviation of 
♦he needle of the galvanometer put in communication with the free extrrmitiea 
of the platina wire? which support the disks; the^e wires, a? ha? been .^aid, are 
themselves enclosed in tubes ui' j;la.sji where they traverse the recipient which 
contains the rarelied gas, wiih a view to their remaining well isolated, and that 
the disks alone may be tn contact with the gaseous substance which transmiti 
the discharges. Now, it suffices to change the direction of these discharges iu 
order that the sounds, without being displaced, shall be immersed either in the 
obscure space near the negative electrode, or in the luminous Hjtace > car the 
poBiiivc one. The apparatus is, moreover, so contrived that ihe sounds may be 
placed in other portions of the cunent. It is proper to add, that the clectrod*» 
Mtween which the electric stream passes are two disks of platina, each five cen- 
timetres in diameter, placed parallel to one another at a distance which may 
vary from forty to thirty centimetres, and consequently, like the little disici 
servin;:^ a? sounds, perpendicular to the axis of the stream. 

The iollowiug are some experiments made successively with nitxogen and 
hydrogen : ^ 

NITBOGKN, OH ATMOSPIIKRIC AIB. 
PressuFti of the gas. Intensity of the derived current. 

6"« 70« 18"* 

4"'"' 40^ 8^ 

HYDBoaBN. 

Ifin*" 90«» 90** 

6>»» 82^ 65** 

4"^"^ 52* 2* 

2iaxo,,..., ,,,, ^ 350 *0* 



We see from these tables that the intensity of the derived current 

with the pressure, although the transmitted current be much stronger, whisti 
Bhow? with what rapidity tl)(> rcsi.^tance of the gas diminishes in proportion as 
its rareioctioQ luci^oascs. But at the same time the diminution of the derived 
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cuTPent, and consequently that of tlie resistance, is much greater when the 
sonnds are iDunersea ia the obscorc space near the negative electrode thou in 
the loinixioiis part of tbe stream near tlie povitiye one. Thtu, under the preBfl** ' 
nre of 2°^°>, it ia impossible in hydrogen to pereeiTe the least derived current 
in the black ■^pnce, whWr thi:* derived current is at the same time 35° in the 
luminous space; at a pressure of 15"^ it was 90*^ in the noip^hborhood of the 
two elecfrodef alike, but there was as yet no formation of tlie nhpcure ppace, 
and coii»efj[ueatly tbo state of density of the gas wtk* the same at the two ex- 
trcoitties of the tube. The resiaUinGe of the obscure space is also veiy feeble 
hi nitrogen under a pressnfo of 2<"»» since the derived current is only 3°, while 
it is 18^ in the luminous space ; but the difference* between the two derived 
currents is less than in hydrogen. This difTerenre repnlts from the fact that 
hydrojren, having a couductibility much superior to that of uitrog43u on the one 
hand, the absolute intensity of the current is greater, which explains why we 
have 9SP instead of 18*^ in the Inminons space ; on the other band, the derived 

E^rtion mast then be less where taiefection stilt more angmenta the eondncti- 
litj of the gfts, which accounts for onr havmg 0^ in pbioe of 3° m the obaeore 
apace. 

Let us hero reuiaik, that all tlie rr nlf ^ which show the unequal resistance 
presented by difl'erent partri of the t^ame gaseous column to the pmpagation 
of electricity are readily comparable with one another, since it is the same elec- 
trie stream whfeh snecessfyely traverses these different and unequally conducting 
parts. 

If we place the sounds in a portion of the stream which is ^ of Uie distance 
from one of the electrodes, and consequently § from the other, we have for 
the inten?'ity of the derived current, under a prepsnre of 2"*™ in air or nifrogm, 
8^^ wlit u the negative electrode, l^i when the potiiiivc, is nearest to the sounds. 
In hydrogen we have S0° and 36^. Thu8» toe couductibility of the gaseous 
column goes on diminishing giaduaJly from the obscure space, where it is at its 
maximum, to tbe space near the positive electrode, wlieie it is at its minimum. 

I{y jilaeinj;^ the Founds ahrat^^ in the same porliou of tli(» stream, we can 
find ill the intensity ot'tlie (h rived current a suflicit utl v exact i'Xj>ro?-<ion of the 
degree of rtbittancu of diilcrtut gases at different dLgreus of pret>£*ure, provided 
we take care, by means of a rheostat, to give to the principal current in each 
case the same degree of absolute force. This is an investigation with which I 
am at present occupied, and which is not yet finished. 

We see, then* that the qbscurc space near the ne;x;itiv(; electrode offers much 
lepfs resistance to the pa^sap^e of the current than docs the luminous part near 
the positive electrode, it thence n suits that, for the same reason that the less 
conductive portion of the gaseous column is more luminous than that with 
greater conducting uipacity, which remains nearly dark» the temperature of the 
first should be higher than that of the second^^ inference which experiment 
has fully confirmed. 

Two thermometers of mercury, with cylindrical re?ervnirf, were plarod in the 
interior of the tube, which h 16 centimetres in length and 4 in diameter, at the 
respective distance of one centimetre from eacli of the electrodes — a distance 
sufficient, as was ascertained, to annul the cooling or heating influence of those 
electrodes. That the influence would rather have betni refrigerants was found 
susceptible of verification by bringing them nearer the reservoir of the ther- 
mometers, which is not surprising, in view of their dimensions> (full metallic 
balls one centimetre in diameter.) 

By cauHin;^; tlu; < lectric stream to travi'rsc the rnrefied nitro«»en or hydrofi^en, 
a great ditierenco was at once perceptible between the tempeiatuie acquired by 
the thermometer placed in the dark space near the negative electrode and that 
acquired by the thermometer placed in the luminous apace near the* positive 
Aectrode. These differences observe nearly the same mtio between the press* 
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nres of 1 to 10™'", even when the absolute teraperatnres, with wliirh they most 
not be confoiiiRkd, vary >vitl) the pressure and witli tlie nature oi the gaees. 

' Thus, eveu when there is no louger auy sensible obscure space at the negatiTe 
electrode, the thennometer Ib lesa elevated there than in the ndghhorhood of 
the positive, whieh proves that the gas is there more dilated and of more con- 
ducting capacity. The difference of temperature, then, should be a etill more 
sensible criterion than the difference of briirhtneas, of the greater or le.-s electric 
resi.stancc of different parts of the j^aBcou.s culumn. The absolute leujp^Tature 
is in f,'encral less in hydrogen at all degrees of rarefaction than in nitro^ru and 
atmospheric air, which offer more resistance to the passage of electricity. The 
difference between the two^ermometers was, moreover, never so great in hydro- 
gen as in nitrogen, or atmospheric air. Thus it was at the maximum of 
io hydrogen, under the pre^.^ure of 9 to 12™™, the thermomete r having rij»en, 
in two minutes, from 21^ to at the nep;ativG electrode, and 21° to 31° at 

the positive. In nitrogen the maximum dLflerence was 5 under the pres^sure 
of dan", (20'' to 24^ at the negative thermometer, 20^ to 29^ at the positive.) 
In atmospJitric air the maximum difference a\ n.^, ut a pressure of 6™°^, 6*^, (from 
18 to 26° at the nej^tive thermometer, and from 18° to 32° at the positive.) 
At a presFurc of the difference was not more in h>jdr<iL'rr> than 2^°, (from 
21° to 28^% and from 21° to 2G°;) in nitrof(en hnl a half dc-rre, (from 20' to 
to 26°, and from 26' to 25^° i) and iu ainutapkeric mr it was null, (from 19-^ to 
88^ at the two thermometers alilLe*) When there b no longor a difference be- 
tween the iudieationB of the two thermometers, or that difference is very slight, 
It will be observed that the appearance of the Inminons stream is peifecU/ 
uniform thronprh its whole extent. 

^ Hero we give a table of some experiments ; 

ATMOSPUBRic AIB, (iwmltum ^ the eicpensMiU, two mmuUt,) 

Franank Poiilive thermometer. NegatiTe thermometer. DifRBrenoe. 

S™ 16* to 25° 16» to 210 40 

4»» 18° to 31° 18^ to 25i<* 5J** 

G""™ 18° to 32° 18° to 26° G° 

b'"'" 18^ to 31° 18° to 27^° 3i° 

10°^ 18° to 31° 18*» to 28° 3*» 

15^ 181" to 31° 18401029° 2° 

20«« 190 to28« 190 to28o 00 

- KlTBOOfiN, {duration of the experimaU, two mmutes,) 

2™» 19*^ to 24° 19° to 22° 2* 

4°»'° 20i°to28° 20^^ to 23- 3* 

6«n» 20° to 29° 20° to 24^ 5* 

20° to31i° 20° to 27° 4Jo 

9™ ; 20** to 31° 200 to 270 4** 

21" to 30" 210 to 270 30 

200 to25Jo 200 to 250 i 



HVDROuE.N, (duration of Uie experiment, two minutes,) 

2™° 21°to27° 21° to 25° 2® 

5»» 20° to 28^0 20° to 25.^° 3® 

G°^« 21° to 29^ 20° to 2^° 3jo 

9^ 21oto31o 200to26|o 4|o 

15«°» 21° to 30° 21oto26o 4^ 

20""° 21° to 28J° 21° to 26° 24* 

30»* 2i° to 26° 21° to 23^° l}* 



The flMnoonwIiie hi^catieni sie in de^iees of Beaunw. 

■ 
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The following is the result of au experiment in which the duration of the 
passage of the cnrrent was prolonged beyond 2 minutes, throngli atmosplierie 
air at a psessnre of 5"^: 



Duration of passage. Puijitive thernioinotcr. 

2* 18=* to 31° 

4' — toS?** 

6' — to 40° 

8' — to 42° 

lOr i — to43°,.-. 



Negjitive thermometer. Difference. 

, . 18° to ;;^G 5° 

. — to30J^ 6^^ 

_ to 32° 8^ 

_ to 33' 9° 

— to 34^ 9*=* 



In pioporUon an the domtion of the experiment increases and the absolute 
tcmpcratnre rhcn, the differences botwcon the tcmpf raturo? indicated by each 
of i\\v. two thermometeris boconif" proportionally Ion ; ilie indications of tbo two 
tbermometers end by appruximating, and even becoming the Hume after the 
lapse of a certain time. Hydrogen and nitrogen give the same results. 

The numbers which express the temperatures in the preceding tables cannot 
be ^ven as being of perftict cxactne!?s ; they vary, in effect* in their absolute 
valuer with the intensity of the electric .^in am; but they iwa gnfficif iitly con- 
stant and exact to demonstrate: Int, that tlure is a sensible elrvation ol" tem- 
perature, which accompanies the propagation of the electric current in raretied 
gasei«i 2d, that this eievatiou is sensibly less iu the neighborhood of the 
negative electrode than near the positive* when once the gases are sufficiently 
rarefied for the discharge to pat?« easily and the electric light to be Stratified ; 
3d, that the absolute < It vatious of temperature at the tnn electrodes* and their 
differences, vary with the density and the nature of tlie gaf». 

A fact which shows well all the cidorific and luminous power c/f clcctriciW* 
is, that hydrogen redueed to l^'"'" of pressure can become lomtnous and be 
heated in a very s^sible degree* by the passage of electricity* although at that 
pressure it has a density so incon^^idernble that a cubic centimetre of the gas 
docs not weigh more than ban I y of a milli;,''raiTime. 

When we see matter so stihtle as liydro^^i n reduced to one or two millimetres 
of pre6:*ure, becoming hmiinoua under the inliuence of electricity, the temptation 
can hardly be resisted of surmising an analogy with the matter at once so subtle 
and so Inminons which constitutes the comctarj bodies. This analogy becomes 
Btill more Striking w hen we examine closely the appear.a: prcecnted* in the 
tube which contains the rarefied hydrogen traversed oy the electric current, by 
those species of luminous mists which manifest thcmfelves at the moment when 
we introduce a little gas into the tube, and which we aUo see iu the obscure 
space when a certain degree of rarefaction has iieen attained. Undoubtedly the 
gaseous matter is there stUl more rarefied than it is in the rest of the mass where 
it 'm already extremely so, and it offers at the same time a remarkable resem- 
blance with the luminous matter which constitutes the comets. 



i IV.—IKFLUEKCE OF MAGNETISM ELEC I KIC CUIUiEN'TS PliOPACiArED 
IN HIGHLY RAREFIED GASEOUS MEDIUMS. 

This influence, whose existence I have Fhown under the form of a rotation 
connnuuicatcd by the pole of a magnet to the electric currents which radiate 
from it, is, as might be expected, and, as M. Plttckcr has evinced by several re- 
markable experiments* general. The luminous filaments whicli display them* 
selves in rarefied gases, traversed by the discharges of the fiuhmkorff apparatus*. 

• The bcatio^ ol the ga« muat in lact bo vcjy cfiosldorabic to be capabk-, in ty/o uuuulcs, of 
Tiding by nearly 3^ the temperatoro of a thermometer whose reservoir is a cyliudcr of mer- 
cury i-'J uiiiliuittres iu diameter by rcntiiiu treH in Icugth. Bpsidos, the single fact that the 
gae is luoiinous well evinces its high temperature ; for the light is evidcntlj but the effect of ita 
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tire attracted or ropolled by mnjrnrta n«? rlectric currentB circulating^ in metallic 
wircH would l»c. In a word, tlii^' action is pnbjpct to all tlio laws of rlcctro- 
dynamic8, with this ditFerence, that all the parts ot the mubile conductor being 
independent of one another, instead of being united with one another, a& thej 
are m a rigid wire, they completely obey the forces wbich ael upon them, and 
take the positions of eqnilil rium which reault therefrom. Hence it is that the 
luminon- ninmrnt trtkos t!n- i n in cfa magnetic ctm'o; a necessary condition, in 
order that tlic ( (juililn iuia s^liouiJ take place, j-ince the action of the magnet on 
the cl( mcnt i»f the current i» then nothing, the direction of the action being per- 
pendicular to that element when it is a tangent to the magnetic curve. 

I have verified in sundry cases tho Uiw just recited, and have even snoeeeded 
in showing that, conformabty to the law of Ampere, two electric Btrcams having 
the same direction in a rarf Hi «1 n^aH attract each other m two voltaic cTirrentS 
transmitted acro88 movable meuillic wires would do. T have not rcali/.od the 
repulsion of two electric sucoms passing in contrary directions, by reason of the 
practical difficulty which I have hitherto encountered in ccmstnicting an appa- 
ratus for the ))urpose. I do not, howev<ar, renounce the hope of being able te 
do so. I shall return to this subject isf an article in which I propose to consider 
the mutual action of electric cnrrcntf on one another. I restrict mypelf, for the 
present, to an investigation ni' the ctVcctri of magnetic action on ihote l urrent?. 

Mv researches on this subject comprise two series of experiments : lirft, those 
in which the electro-magnet from which tho electric action is placed 

ext^ally to the rarefied gas through which tho electric stream is propagated; 
secondly, those in which the magnetized iron is situated in the gas it-( If. 

One of the most fcimple ca:^e:-^ h that in which one of the tultra of which I 
have .■spoken in preceding t xpi i iuieuts is placed eitiier uxialiy or equatoriiilly in 
relation to tho poled of a strou'' electro-magnet. The foUowing in what is ob- 
served when care has been talen to rarefy well the gas which tramunits the 
electric current. The portion of this current snbmitteid to magnotie action is 
condensed towards the walls of the tube in the part nearest, or that most remote 
from, the ma^n"ttc poh*.-<, accordinp^ to the direction of the current and that of 
the magnetization; the striiC become much more con^ jires.<ed and m- rt I riliiant. 
If the portion of the tube placed in the neighborhood of the electro-magnet is 
that where the negative electrode happens to be, the obscure space is Immedi- 
ately seen to become luminous, and to present close and brilliant stri» as would 
be tho case with the constantly luminous portiun of the cnrront which seems ta 
advance. At the pame time, the bluish photo-pht re whit h pnrrounds the nejr- 
atire hnll cojitract> to at Ica.-t half its size, beci tininj:;; more brilliant, and tin* ^ort 
of bluish sheath which .surrnuuded the metallic rod, at the extremity t^i which 
is the negative electrode, completely disappears. All that bluish atmosphere is 
concentrated on the baU. It seems that all the gaseous filamcnt«, wbich may 
be considered as so many condnctgrs of the discharge, instead of radiating from 
points of the negative hall and rod, and being disseminated tliroui;h the 
entire ^M^eons mass.ns far as the po.-itivo electrode, radiate only, wh* n the 
magnetic action is exerted on ilwi^h f»*^»n the negative baiJ, becoming condensed 
towards the walls of the tube, on ouc side or the other, as fiur as that portion of 
their course at which, the action being no longer sensible, they resume thev 
normal position, 'lliis condensation explains why the part of the cnrreot which 
was obfcnre bccanso the gas was there too much dilntet?. become'^ luTninon?'. and 
why that part which w.a.-< already luT^inons becomes mi.ro ,-li iider and lailliaiit. 
with stratilicatious mon; closely conU>rec*sed. The action of the magnet pro- 
duces the same effect which would be prodnced by a local augmentation of 
density in the rarefied gaseous matter. Further, it is not necessanr that the 
action of the magnet should take pUco exactly on the ubscure part m order to 
its becoming luminous; it equally becomes so, evea when the magnetism acts 
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on another poitioxi of the correBt, provided it be not too remote from the neg- 
ativc L'lectiode. 

The consequence of the explanation just given, and which it ia asi&y to verify 
by experiment, is, that the portion of the gas which transmits the discharge 
must, when it is subjecited to the action of the magnet, become a more imperfect 

conductor, and that consequently the electric current must, on the whole, en- 
oounter a prrrater repif tanco in its passage along the interior of the tube when 
one part of the tube is approached by the electro-magnet than it encountered 
previously. 

Thus Uio tube of one metre being filled with rarefied hydrogen, and the ap- 
paiatiis of derivation placed in the dicnit,* we obtain the following restdta : 

. Pressuro. luten&lty of the derived current. 

Wtioutwuigiutixation. Mdgnetbatio* at tk» MagiKttzation attk$ 

4™n as'' 30° 20'^ 

8«™. 30° 30° 10** 

With the tnbe 50 oentimetrea in length* filled with nitrogen, we hare : 

Pre&sure. lutuuity ol ibo ilcriv ud curreut. 

WUkamt magntthtdtm. MagntHxation <u tka M$gnethatwn ai the 

2^^^ 57° 52** 42° 

lil'^ 27" 17° 

6«» 85" 20<» 120 

The effects aro more markctl when the tubrs are placed equatorial ly between 
two soft-iron ?irraatuifc6 of llic t h cfro-magn( t, which are immediately in contact 
witii the wall.^ of the tube, ihuu when they are placed axially on the poles 
themselves. We see that there is a mnch greater mcrease of resistance when &e 
magnetism acts on the portion of the current near the negative electrode than 
when it acts on the portion near the positive electrode. The reason of this 
difference in, that thr; iirst portion which, ns we have peen in the preceding 
para{xiapli» i-^ eiuiiud with a much greater share of conductibility, must natu- 
rally experience a more coufiderabie diminution of that property by the con- 
densation of the gaseous matter produced by the action of the magnet, than is 
experienced by the second portion, where the gas is less rarefied. The direction 
of the magnetiaation has no influence on the resolts : it has no other effect than 
to elevate or depress the current, which, when the magnet does not act, is simply 
horizon f 1 1. 

Among the experiments which I liavc made rc^'ardiiio^ the inHiionce exerted 
by the exterior action of mi\gueti»m t>n raretied gii^es oucluried in tubes, 1 will 
ftnrther cite those in which the tube is convoluted into a flat spiral terminated ' 
by two prolongations perpendicniar to the plane of the spiral which serve to in- 
troduce and rare (\ the gas, as well as to give a passage to the discharges; the 
tube of the spiral and its prolongjations is a litth^ Ie?s than one centimetre in 
diameter, and it?^ total clevelopm< iit nearly eighty centimetres. It i.s n( ci'ssary 
\ that the gm ^hoidd be rarelicd at least as much as 2"^^ for the dirtchaiges to 
pass when nitrogen or atmospherie air is employed. With hydrogen, a press- 
ure of 6 or 6°**" suffices for their transmission. But whatever the gas or its 
degree of rarefaction, itjs only after the lapse of some minutes from its being 
placed in the circuit that tlic discharge begins to pass. It is evidently necc5- 
«ary that it should be j^umetiiBes charp:ed with static electricity for the resist- 
ance to tli<^ establishment of the continuous stream to be sunnounted. But that 

* It should not be forgotten that here the derived cnmiit is proportioiml to Ae principal 
cniTcnt, <:o flmt its U ' unity may bo rco^nrdod as b^g quitA approximately the measiue of 
that of the discbargo which traverses the tube. ' . 
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resistance oocc surmuuutcd, we uiuy mterrupt the passage of the discharge with* 
out incurring Uie necessity of waiting more than an instant for the transmission 
to leconunenoef when we close t)ic circuit anew, provided the intemiption does 
not exceed an hour or two. The luminous cuik nt presents* with hydrogen 

under n prc?fnrn of 5 or 6™°*, very neat and dir-tinct i^trirp of ft rose color; at a 
pressure *.{' they become much Inrger and haa dietiuct; the color is aL*o 
paler. Tile sauie occurs wxiii air aud with uitrugeu, but the cflfects are more 
' Striking with hydrogen. A remarkable appearance presented hj the current in 
the interior of the spiral is, that it seems to undergo a very distinct movement 
of rotation, in a direction which appears to varj- w ith the direction of the dis- 
charge; but fhi? la.«t rr«nlt is not very constant, which has led me to think that 
the rotation i.- only apparent, and that it is the tfllct of the discontinuity of the 
discharges which constitute the current, a discontinuity which pruduces the 
illnsion of a displacement. Thia point» howeveri deeerves to he studied anew. 

In order to obserre the action of magnetism on the spird current, I place the 
8]jlral of glass between the two poles of the electro-magnet in such a way that 
its plane nhall be the same with that of the two polar surfni es, the two prolon- 
gations boiii^ thus rendered vertical, the one above, the other below , that plane. 
The maguelization, according to its direction, cither condenses the current 
towards the interior walls of the spiral tube, or, on the contrary, repels it towards 
the exterior walls, rendering it very diffuse. In the first case, it becomes higUj 
brilliunt, and the stratifications are very distinct ; in the second ca^e, they are 
hut slightly visible, and the current itjrlf i? much larger and quite dim. It 
appears to undergo, in even a more scDsibk' manner, the movement of rotation, 
of which we have spoken. A quite cuiioud fact is, that in the vertical branch 
of the tube which is below the spiral, and consequently between the two 
brauchea of the electro-magnet, the current divides itself, under the influence of 
the magnetism, into two streams or filaments, which tend, respectively, to one 
and the other side of the tube. Of the?e two filamont?, one h very «ma!l, and 
of little brilliancy, in co!n|v;(ri^<jn with tlie other. The cau:^e of tliif^ t^oparation 
consists, very probably, m ihu lact that the inductive current of the iluiuuis.orli" 
apparatus is really composed, as we have already taken occasion to say, of two 
successive and oppu-ite inductive currents, one having much more tension, and 
passing almost exclusively through the gas, while the other is transmitted with 
much difficulty, but yet passes, in very pmall proportion, it is true, pince the 
action <tf' tlic n);'.,'m* t f^epamtOH it from the principal current, which is the oidy 
one in general thai u requitjilc to consider iu this kind of phenomena, because 
it is by much the strongest. 

I have sought to determine iu the case of the spiral tube, as I had done with 
the large rectilinear tube, the influence of magnetization on the resistance of the 
gas to the ti;iii?mifFion of the discharge, and 1 have obtained a rather curious 
result. The two points oi' {ilatinn of the apparatus of derivation being at a di.-^- 
tance ot ten ntillinietres from one another in the distilled water, 1 obtained a 
derivative current of 20S the spiral tube being filled with hydrogen under the 
pressure of 2™™. The spiral was placed vertically between the two horizontal 
armatures of the electro-magnet which were exactly in contact with it^ two 
faces. As soon m the maf^netization took place, tlic drrivative current wa« re- 
duced to 15^, >v]ii 11 tIic <li<( hiijge was n j»( ]h (i, and driven towards the ( xr* rior 
walls of the spiral w uh an apparent movement of rotation, and it was ruu-td, on 
the contrary, to 25°, when the discharge was condensed towards the interior 
walls of the spiral. Docs this influence of the direction of the current or of the 
magnetization depend on the particular foim given to the stream, or to the small 
diameter of the tube, in comparison with its development in length ? It is a 
point for future elucidation. 

I putis now to the ca^^i: where the magnetic pule ie in the mid-^t of the gas 
whicli trsnsmits the disehaige. I have first operated with a spherical glcSe, 
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about fifteen centimetres in diameter, fomisbed with four tubulnres situated at 
the respective extremities of two diameters of the globe, which intersect one 
another at right angh'S. Two cylindrical rods of soft iron are lixi d by nicaua 
of two of these tubulured iu the interior of the globe, in the direcliou of 
the Bame diameter, bo that their interior extremities may be at a distanee of 
aboat eight or ten centimetrea from one another, while their exterior extremitiea 
project from the tubulure nearly two centimetres. It is these exterior extremi- 
ties which are to be placed in contact with the poV-a of a strong electro-magnet, 
in order that the interior extremities may thus b* come two magnetic poles. 
The two other tubulure^ serve to introduce into the interior of the globe two 
isolated metallic rode, terminated by balls which are at a distance of about ten 
centimetres from one another, and which serve as electrodes to th<> electric 
stream whose direction is thus equatorial, that is to say, perpendicular to the 
right line which joins the two magnetic poles. As long as the rods of soft iron 
are not niagactixed, the electric stream remains perfectly rectilinear ; but so t^oon 
ati magnetization takes place, the stream, which we will suppose to have a hori- 
aontal direction, takes the form of a half circnmference of a circle situated either 
above or below the line which joins the magnetic poles, according to the direc- 
tion of the magnetization or that of the discharge. The form of the luminous 
arc is that of a half ring much flattened, as well as widened. The striaj are 
strongly marked in it, more than iliey were in tlie rectilinear cnrretit, and its 
^exterior part is much serrated, especially when «.he gu8 coutaiu^i a little vapor 
of adcohol or ether. If the electric current, instead of being equatorial, is axial, 
that is to say, directed from one of the magnetic poles to the other, diese two 
poles serving it as e!* ctrodes, it experiences no sensible modification under the 
influence of map^netization. 

If, however, tiie discharge is made to pass between a ball of brajss and one 
of iron, placed at the extremity of an iron rod so as to be capable of being mag- 
netised, there is observed, at the moment of magnetization, a movement of de- 
pressioni or of elevation in the laminous atmos^ere which surrounds the ball 
of iron. This movement pertains evidently to the change of direction under- 
gone by the electric filaments which radiate from tho balb But the best mode of 
studying the action of magnetism in the eases where the magnetized bar 16 in the 
interior of the gas, is to make use of a bell or cylindrical jar sixteen centimetres 
in diameter by twenty centimetres in height, in the axis of which is placed a 
rod of soft iron having a diameter of about three centimetres, whose rounded 
end is situated at the middle of the axis of the cyhnder. This rod is planted 
in a circular disc, which serves to close the jar. A metallic ring, about twelve 
ceutimelres in diameter, formed of wire from 3 to 4™™ in diameter, and having 
for i%6 centre the top of the iron rod, is situated in a plane perpendicular to the 
axis of tho jar. This ring commnnicates, b^v means of a rod covered with an 
isoladng coat which is soldered to it, with one of the poles of the Ruhmkorff 
apparatus, while the other pole is placed in communication, outside the jar, 
with the extremity of the rod of soft iroti, which, in the interior of the jar, is 
.il-n coverf«d witli an isolating coat, except at its summit, it is between this 
summit and the ring of which it is the centre that the discharge takes place. 
In order to magnetise the rod of soft iron, it now suffices to place it in contact, 
by its exterior extremity, with the pole of an electro-magnet, taking care to 
place between the two a thin strip of caoutchouc to serve as an isolating layer, so 
that the wlnde apparatus shall ne well isolated. The cylindrical jar is also 
clc-^ed at that oue of its two extremities where the rod of soil iron is absent, 
and it is there iurnished with two eock-s, of which one serves to form a vacuum, 
and to introduce a gas which is more or leas rarefied ; and the other, constmeted 
in Qay Lussac's manner, permits the introduction into the ball of a greater or 
less quantity of vapor of whatever nature. \ 
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I have made many experiments with thi:» jar by tilling it successively with 
atmospheric air, with nitrogen, and with hydrogen, at different degrceg of rare- 
faction, these gases being at times perfectly dry ; at othere, containing a greater 
or less proportion of vapor, eitber of water or of alcohol. 

Atmoapfaeric air and nitrogen, when both dry. <:ivc nearly identical reealts, 
with thirt dificrence, that the light is more vivid and clearer with nirroo^pji. If 
tlic 8oft iron lie t;iken for the pn-^itive elertrode, and tlie rij jr f ir the nc;rative 
one, the Ituiiiuuus current is been to form, at a certain degree ol rarefaction, a 
sort of pcuch-red envelope around the top of the soft iron, and a sheath of a 
pale violet color along as arc of a greater or less number of degrees around the 
ring. At a very weak pressore tlii:^ aheath encompasBes the whole ring, while 
the top of the soft iron v? cnmpl» tely envelopi J with a roFe-colon d aureole, 
from v.'liirlj i^f^nes a very f^liort r^tream of the ^ame ^hade, and })r( s» nting the 
form of a large virgule, or comma. This virgule, when the iron is magnetized, 
is distinctly seen to turn in one or the other direction, with the aureole from 
which it emanates, according to the direction of the magnetization. The violet* 
colored sheath which gurround^ the ring is also seen to turn in the same dira^ 
tion with the ro?e-colon d auieole, although they are separated by a 
cnmpletely obscur*-. By eli uijrin.i; the direction of the diischarges, then* wiJi be 
setju at the negative electrode a violet-colored envelope, which only covers the 
whole surface of the top of the iron rod when the gas is very much rarefied, and 
at the. positive electrode, brilliant points, separated from one another bv a roseaSa 
gliii\mer which surroonds the entire ring, and whence emanate regular atratlfi* 
cations, intenially concentric to the ring. When the ga.*' not greatly rarefied, 
then^ i:* .seen to issue from the rin<; a luminous jet whieh tends to the summit 
of til*.' central rod of suft iron, being only separated from it by a Hraall, black 
space, and which undergoes a movemeot of rotation in one direction or the 
other, like the hand of a watch, according to the direction of the magnetisuition. 
In thif* ca.^e there it« but a portion of the top of the iron rod which is covered 
with the violet envelope, and tlii- luminoni^ pcp^nient ttmi^^ with the brilliant jet. 

I linve made a great nutuher of experim' nts under tlie c<»nditionB just iudi* 
cated, witli atmospheric air, wiih nitrogen, and wiih hydrogen, whether dry or 
more or less chaiged with vapors. I shall proceed to give a description of them 
in a snmmary manner, first remarking, however, that, whatever bo the gaa and 
its degree of eUisticity, whether it b6 dry or impregnated with vapor, the raplditgr 
of rotation is alway? much greater when the vin^ ?oryp? as the positive than 
when it t^erves as negative electrode, and th at this rotation, uhieh increase.^ in 
rapidity iu proportion as the tension diminished, ceases to be apprcciablu at a 
mnch less tension in the second case than in the first. 

In my earlier experiments I had made use of a large globe, twenty-five cen- 
timetres in diameter, in which the ring was twenty centimetres in diameter, 
and the eevtr d iron rod three. This globe wa? furnisLed with two tubulures, 
one ?er\ iul; to introduce the iron rod, w!in«e top reached the centre of the 
globe, and its lower extremity issuing from tlie tubuiure, so as to be capable of 
resting on the polar surface of an eiectro-maguet. The other tubuiure was 
closed by a cock, whieh served to introdnee the gaa and vapor, and from it there 
ir^.'^tied ail isolated conductor, which supported the ring and admitted of its being 
placed in the cirenit. The dir'charge thns passed between the snuunit of the 

rod of soft iron and tlie nieiallie rin^r. 

Thifi globe was liiled with air rareiied to 4™". Tlio diischargc took place 
imder i& form of a stream which turned with a rapidity of ^ixty revolutions 
per minute when the ring was positive, and twenty when it was negative. At 
a prcMRire of tho velocity was only forty revolutions per second in the 
former c i«e and twenty in the latter. With vapor of alcohol, at a pressure of 
5auu^ tljQ velocity was respectively twcnt;y-twoaud eleven revolations |»er minntffL 
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After these first experiments, whicii f^ervcd as my iutruductioii to thi.- f-urt of 
reeearche:*, 1 reBumed the study by availing mysell'of the jur oi twenty by bix- 
teen ceutilkietres, described aboye. The foUowing are the results ohtained with 
dry atmospheric air : i 

Prasnre. Nmnbor of molutloiiB in a niinnte. ' 

16"^ 55 36 

12 ' 83 55 

9'-"" ! 99 63 

b^'^^ „ 100 

3»"» „ 128 

2™" 1 , „ 

At 9^, with the ring serrin^ as a positive electrode, there is no longer a 
stream, bat a dilatation of the discharge, forming a sector of from 30° to 4/>° ; 
and this fleeter obeys the movement of rotation as the stream bcfort oLoyed it. 
T?nt it enlargos in proportion as the prf'f^f^nre diminishes, and at 6""" forms a 
c niiij lete circuUir shoot, and it is then that the rotation, which, up to thid point, 
had increased in rapidity, becomes no longer Hen»ible. When the ring tservcs 
as a native electrode it is covered with a violet sheath, whose sise likewise 
•increasea in proportion as the pressure diminishes, bnt which occupies only half 
the circumference of the ring under a pressure of 4'" ". It is seen to turn very 
rapidly, hnt at a pressure ol" 2"''" it occupies the whole circuTuferenee of the 
ring, ami tiicre is no long'er any sensible rotation. At tlie summit of the mag- 
netized iron rod there is a roseate aureole, from which, as has been said, emanates 
at one point a very short jet in shape of a conuua, ^?hich turns with the violet- 
colored sheath, from which it is separated by a very considerable obscure interval. 

It should be remarked that, at a pressure of 6» of 4, and sometimes of even 
3"", it most often happens, "vvlien the ring serves as positive electrode, that at 
the firt5t moment of the circuit being formed tlierc it»!*nes a stream wliic h turns 
too rapidly to allow its velocity of rotation to be measured, but which (jnickly 
expands so as to form, for sojie instants, a sector which continues to revolve, 
and soon after a complete circular sheet, which no longer manifests any movement 

It does not follow that the action of magnetism is annulled when the gas is 
too much rarefied for the continuance of a sensible rotation. That acUon is 
manifested under anothrr form, a? is shown by experiments made under a 
prcs?urf' of from .T to 2'"'". TIiuh, if the ring ser\ os as negative electrode, the 
violet sheath which surrounds the soft iron is seen, at the moment when this 
last is magnetized, to subside sensibly, and to rise at the instant of its being 
demagnctissed* If, on the contrary, the ring serves as positive electrode, the 
rose-colored sheet which fills tlu; interval between the ling and the summit of 
the central rod of iron is raised, as well as the violet sheet whicli issues from 
that summit, at the moment of magnetization, and depressed at the instant of 
demagnei izaf ion. 

The lolluwing is a more complete experiment witli drj/ fdtrogcn, and tliows 
thai rotation begins to manifest itself at stronger pressures when the ring is 
positive than when it is negative : 

Pfcesnre. Knmber of votsUons in a ninnte. 

SS"*" 12 , 

aO"** - . 27 

- 45 36 

16«" 67 61 

, 99 »'50 

S""* 115 - 70 

CO™ „ 11 •'^ 

5°>°» „ 150 
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At 4'^™ the rotation is too rapid to allow its degree to be observed ; at 3 
it appears completely to cease. The xose-coloraa aureole la veiy vivid wbeo 
the stunmlt of the rod of soft iron is poflidve. When there is no longer asjr 
rotation, there is ob8er>'ed, as with atrooepheric air, a movment of depression 
and of ascension under tlio influence of magnetization. 

The presence of vapor modifies in some important particulars the ro^^iilta 
obtained with dry gases. The following is an experiment mode with ordinary 
air subjected to a pressure d 8"^, into which vapor of water has bem intro- 
doced in snecessive quantities, so as to* increase that pressure solely by the 
eSoct of the presence of the vapor: 

Pressnre. • Number of rotatioiu in a minute. 

m 

2 mm 
•••••••••••«•••••••. ff ..•.«..•..•<•...•••••• t( 

4 mm 
••••••.•»...•.....*. fp •....•.•.«......•..... 

e^n* , 92 

8°»™ 140 70 

10«« 120 62 

12"» 90 50 

14»» 80 48 

We sec that at an equal pressure the rapidity of rotation is greater with 
vapor of water than with dry air, which is attributable proballj to the greater 
facility with which the electric discharge is tnmsniitted. With the external 
air of a mean humidity, we have, with a pressure of 14™", 72 revolutions 
instead of 80 when the ring is positive, and 44 instead of 48 when it ia 

But the most characteristic fac^ produced by the presence of watery vapor 
is the division, under the influence of magnetism, m the single current into 
several small distinct and equidistant currents, which turn UIlo the radii of a 
wheel. This division is only observed when the ring serves as a positive 

electrode. At a prei^Hnre of U™™ the siTip-lc current bep^ins with turninj?. then 
expandn, thereupon the rotation is no lunger pereeptibli- ; but at the pi('8.-iire 
of 8, of 10, and of 12"™ this current, from the commencement of its rotation 
under the action of magnetism, divides into hvc or six small streauis wliich 
turn, as was Just said, like the radii of a wheel ; while, when the air is dry, the 
current never divides ; but, under a weak pressure, it merely expands into a 
sector or a circle of which all the parts are continuous. 

When flu' rijiLT if^ negative, and there in vapor present, it will be seen that 
the current which issues from the summit of tl)'' iron rod prepent?, where it is 
in -contact with the iron and at the moment whtu this ia maguetizod, instead of 
a continuous surface, a series of small brilliant points, which seem points of 
emanation for as many small currents, too little distant from one another to 
become distinct. Here, then, this current, which does not divide into separate 
filaments, siuiply undergoes dilatation or expansion at the point where it is ia 
contact wiih the iron. 

Tlie vapor of alcohol produces similar effects with the vapor of •^vatcr. The 
single current is, in this case, much more brilliant than with dry air or with the 
vapor of water ; it presents fine stratifications, which give it an appearance not 
unlike that of a caterpillar. Magnetiaation expands and divides it into several 
currents, ?ensihly larger than thn?e observed with the vapor of water. Tf, 
however, the diameter of the ring is too hirge, greater, for instnnre. than tiltceii 
centimetres, the subdivision of the current is not efteetcd Without diiiiculty, 
unless the intensity of the discharge and that of the magnetization be very 
considerable. 

^ The following is an experiment in which, the rarefied gas being hydrogen* 
different portions of alcohouc vapor were successively introduced. The pieBsara 
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of the dry and pnre gas was in the commenccmf nt 5™™ ; nt this prcpsnro, a? 
phall forthwith see, the hydrogen transmits the discliargc only nnder tlio form 
of a luminous sheet. The pressure was afterwards augmented solely by means 
of the vapor of alooKoI, witk the following rcstflts : 

Pressure. Number of revolatioxis in » mlntito. 

Mh^, potUim, Ring, nigatiw. 

Lammoiis sheet 92 

10«» . . ; 80 52 

12«»n» 64 48 

15«"m 48 38 

IS"'^ 40 32 

22»« 30 25 

27"™ 24 18 

36™ 12 10 

38«» 12 10 

The divisiou into distinct currents, more or less oamcrous, was manifested 
■when the ring was the positive electrode. 

When pore and dry hydrogen is adopted as tbe mecUiim in which the dis- 
charges take effect, the phenomena of rotation are obtained with gi^^at difficnltj. 

At rather strong pressures, such as that of 128™", we have a number of cnrrents, 
but these currents are too intermittent to nllow of the magnft's acting upon them. 
At 90'"'" I have obtained a small stream under the form of a bluish-white 
tilament, which, the ring being positive, turned at the rate of thirty-five times 
per minute ; bnt, at the lapse of some hiBtaots, it became snbdiinded into a 
mnltitado of small, irregnlar streams, and rotation was no longer perceptible. As 
fikr as 40""*, the action of the magnet was indistinct. At SO'"*", the negative 
rinj^ \va? covered with small \ u)K't ^^licallis, at equal intervals, which seemed fo 
ex[)erit'uce, al the moment it was mngnetized, a tendency to move in one direc- 
tion or the other, according to the direction of the magnetization. The same 
was the case with the small brilliant points, likewise distributed at minute in- 
tervals, with whic^ the ring, when positive, is covered. At B^, and still more 
at three and at two, the ring is entirely covered, wlien it is negative, with afine 
violet-colored t?hcath, which becomes contracted under the influence of the mag- 
net. The top of tlie iron i*od, which is tlien po. iti\ e, is surronnded by a beau- 
tiful white nareolr. <li<:;litly tinged with nmu three centimetres in breadth, and 
stratiiicd ill u very marked degree. 3Ia^netization sensibly contracts this au- 
reole, and compresses its strisB without diminishing their nnmber, elevating it, 
and, at the same time, giving it the form of a pear resting with its base on the 
magnetic pole. When this pole is the negative electrode, there issues from it, 
as we have gccn, a brilliant tuft of a violet color, which conforms itself to the 
action of tlie maj:jnet. 

All the phenomena just described show, in a striking maimer, the molecular 
differences which various clastic fluids present, as .regards one another, even at 
an advanced degree of rarefaction. Thns in liydrogen, although that gas is a 
very good conductor i' - ■ etiicity. electric currents can, with difficulty, and, 
indeed, scarcely at all, obey the acti<m of the magnet, probably by reason of the 
sltjrlit density of the j^n^'. In air, and in nitrogen, it i,-^ (jiiite otherwise, and still 
more when these ua-t-'^ are humid. The pin^^ular property po,—(«- ^cd by the 
electric current of <lividing itself into several tmall and dibtinct ts^ucamii, iii»tcr.d 
of difitising itself, under the influence of magnetization, when the medium which 
ti'ansmits it contains a more or less quantity of vapor, would seem to indicate 
in the vapor a greater cohesion than in the gases properly so called, if, indeed, 
we may cmjiloy the term cohesion when the qiiestion relate,^ to elastic fluids po 
much rarctied. It might also bo possible that this divisiou iuto streamlets is 
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the TOBult of an optical illusioQ* due to« very rapid sacceseion of jeta emanating 
fiwm different points, and wbicb» in reality, aie not simnltaneoita^ Tbia tB a 
point for examination. 

However tliis may be, it is e vident that the study of the stratification of clcc- 
trip lip^ht. nrtd of tlio action of tlic magnet on the diachnrpT:^ in different g^eooi 
mediums, dlHt loKeis dili'ereiice.s between those mediums wliirh can only reiiult 
from tlicir difference of molecular constitution. Density, in jjarlicular, would 
appear to have a great influence on this order of phenomena, sipce we see hy* 
diogen nianifi .^t tin i : in fo feeble a degree, whUe the vapors of water, and 
especially of alcohol and « fher, present them in 80 decided a manner. IV 
proper nature of elastic lluids, oppof»injr more or Iopb resistance to the tmn?mi«- 
eion of electricity, mn^t, donbtlet's, also play ii-* part. It mierht not be impo*- , 
slblc then, that, in u more detailed and more cxhauBiive etndy of the phenomena 
with which our attention has been occupied, and more particubirly of those le* 
lating to the action of the magnet on electric currents propagated In much rue- 
fied clastic fluids, we may ha able to find the means of acquiring some newidess 
on the physicitl constitution of bodie.-^, and OH the manner in which the propa* 
gatiou of dkciricity is therein ejected. 
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• 

In proceeding, as has been the custom of my predecessors, to present an 
aeoonnt of the labors, of the Bocietj daring the year iust elapsea, it i»'biit 
proper tbat I ahonld acknowledge how greatly my task has been facilitated by 

the scrupulous exactness with which the reports of our several meetings have 
been drawn np by our secretary, M. Ed. Claparede. Among tho topics clairainp; 
ray atttution, many have been already coramunirnted to the public, or aro altout 
to be so, through the medium of scientific journalt* as regards these, therefore, 
I skall reBtrict mysdf to an indication of the titles, or a very snmmary analysis 
of the conclnstons arrived at. In the arrangetaent of subjects I cannot do better 
than adopt the divnsion into two sections, that of the physical and that of the 
niitnral .-ci( ium fust proposed by ^1. do la Rive, and since observed by the 
greater part cf the ]in'.-i(lt'nt« who have succeeded liim. I shall follow, more- 
over, the example of my immediate predecessor in touching very lighlly on the 
discussions which have takei¥ place either on the occasion of original memoirs 
read before the society or of verbal reports on recent diseoveriee made in' other 
countries ; not tliat these di!*cu!*sions have not often post^esged a genuine intercsti 
but because it is essential, if this valuable obt5ervauce is to be retained by us, 
that the appreciation of the labors of others, the verbal communications in 
which one is Homotimes led to enunciate ideas ari.«ing at the moment and p( rbnpfl 
not always sufficiently considered, should receive no greater publicity than that 
whtdi results from the reading of the journal of our sittings. 

PHYSICAL SCIBNC£S. 

Onr indefatigable colleague, Professor Gantier, has continued to keep the 
society well infoi-mcd of the discoveries made in a/ttronomi/. His communica- 
tions liavo boon nnTnnroii.- and dirorpifiod ; wc rau.st here limit onr«olvpj« to the 
montiiiu of tlie most important. M. Ciautier presented to the Focii t y, in the lirst 
place, a report on the observatioiici of M. d'Arrest, of Copenhagen, relative to 
the number and to the variability in brightness of the nebulae, as well as to 
certain points, stOt doubtful, which would tend to indicate a proper movement 
in some of those bodies; secondly, an account of a memoir of ^1. Lamon on the 
periods of the variation'^ of Tun^iiH {le (Iccliiiaf ion. and tlio analysis of researches 
hy M. Maine on the ilattcrnnj;- uf Mai>, win'cli he estimates at ; thirdly, a 
rr port on some recent observations of M.Douuti on the comets, and on a memoir 
01 tlie same author relative to stellar spectra : M. Gautier announced on this 
13 8 
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occaflion that Father Sccchi also was occupied in the atady of stellar spectra 
compared with the solar speetrum ; foftrthly, M. Gauticr presented lastly to the 

society a plate of Father Secchi, representing the different appearances of the 
nnclf'us of the comet of 1862, differences which, a? M. W.irtmann, pr.. ha« 
pointed out, rai^ht result, at least in part, from the circumstance that the 
observations took place at different hours. 

Profeiteor Plantamonr announces that ho haa collated the series of observa* 
tions made for twenty years on the latitutlo of the observatory of Geneva. 
That latitude would be 46^ 11' 6S",76, with a mean error of some hnndredths 
of a pecoiifl. 

Meteorology and terrestrial phrf$ics ei«tablialiing a natural bond between 
astronomy and physics properly called, we shall first direct our attention to 
several eommnnications which we owe to Professor Plantamonr. Besides the 
annual meteorological summary for Geneva and Saint-Bernard, published, aS 
usual, in the archives of the physical and natural sciences of the '* Bibliotheque 
Universelle," M. Plantamonr has communicated to the society an intercstuig 
memoir relative to observations made at Geiiovn. for thirty-five years, on the 
force and direction of the winds, lie has found that in winter the u umber of 
northeaat and that of southwest winds balance each other; the northeast pre- 
dominates in spring and in antumn, tho southwest in summer. The general 
• resultant is a little west of north, which proceeds from the fact that the mean 
direction of northeast winds more nearly approximates to north than does the 
mf'aii Jireclion of southwest wiuds to south. The above results arc > ouicwliJit 
modilied if the origin of the winds be taken into account uud it' local are dis- 
tinguished from general winds. The former depend chiefly on the vicinity of 
the lake and the variation of temperatnre in the twenty-four hours, giving rise 
to a regular breeze morning and evening, analogous to breezes of the land and 
sea. 'IMk' memoir of 31. Plantamonr has been lately published in bia extensive 
work on tlie climate of Geneva. (See page l.**, et sequent.) 

The 9umc savant read to the society a memoir on the diurnal variations of 
the atmoflpheric pressure, a memoir likewise published in the work just men- 
tioned. Al\er having passed in rev i<-\v and combated as insufiicient the thoones 
proposed by MM. Krail and Dove, M. IMatitamour concludes in favor of that 
proposed by M. Lamon, aemrding to which the plionomenon of the diunial 
variation would depend on two distinct influences, one resulting from ibe tem- 
pcratm*e properly so called, the other from a kind of electric attraction, w hose 
natnre is as yet completely unknowut but owing probably to the action of the 
8Un. M. Plantamonr founds his preference for this ilnory over the preceding 
on the consideration that it rnmishes the mean? nf ( xplaining the double diurnal 
oscillation whiclt i- ohst rved in the barometer, while the influence of the tem- 
perature, it wouhl appear, ought to produce but a single one. The author 
presents, in support of his opinion, a corapa!rative tabic of the diurnal variaiiou 
of the temperature and of the jbarometer for Geneva and Saint-Bcmard. 

To complete our analysis of what relates ta terrestrial physica and in> tror- 
ology, I have still to no; ire two comraunicationt-, one from Professor de 1 i Itive, 
relative fo an anrora hon alis observed in the month of December, in which the 
rotation of the arcli from east to west was pcifeelly evident, and auutlier from 
M. J^ouia Soret, who has prc»cntcd"to the Society an apparatus constructed 
according to his directions in the workshop of M. Sehwerat, an apparatus de* 
signed for the measurement of heights by a det(^nnination of the temperature of 
the ebullition of water. In the constmrtion oftliis in-tnnnont. tli.- chief object 
of M. Soret ha>? been to attain a perf ct prrci-^ion in lliermuUietrical iiidica'ion?, 
a condition whicli has heretotorcocen wauling. He has succeeded, on the one 
baud, by surrounding the ball of the thermometer with two envelopes of vapor 
instead of one, in abating the variations of temperature proceedmg from with- 
pot.; and, on the other hand, he prevents the effect of an ebullition often too 
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mocli precipitated, by immersing the bottom of the Limp of alcohol, by the flame 
of which the water is to be made to boil, in a hath of cold water. The .^oh-, yet 
fjomcwhat grave objection which ha? Ix en advanced against this apparatu?^, i?, 
that in astill greater degree perhaps than ihc barometer, it requirea to be obderved 
with scrupulous core, and demands precautions which can scarcely be ex- 
pected on the part of obsenreiB who are not physicists. 

If we pa^s now to physics properly so called, we shall seo that, as in the 
past, it is electricity which has played the principal part in the communications 
made to the Society during the year under v<'view. Our colleague, M. de la 
Rive, har< caramanicated to us, at two con.Hi.cuiive meetings, -tlie results of his 
re^earchcji ou the phenomena w hich characterize and accompany liie propagation 
of electndty in highly rarefied elastic fluids. In the classification of his ap- 
paratus, M. de la Hive insists more particularly on the means which he haa em- 
ployed to measure the intensity of the discharges or transmitted cairents, by 
availing himself of a derived current taken by means of two small sounds of 
platina, in the distilled water placed in the circuit of the principal current. 
He also describes a manometer which enables him to appreciate to nearly the 
fiftieth part of a miUimetre, and, for practiced eyci>, even to the hundredth part, 
the tension of the elastic fluid submitted to ezpeiiment. The researches of 
H. de la Rive have been directed to atmosph^c air, nitrogen, and hydrogen, 
lie has Fr-i(l:t f], in the case of each of these ga^e?, the inliuencc of tlie dimen- 
Fiony and torni of the gaseous ma^s, as well as of the pressure, on its capacity 
for transmitting electricity. He has described the successive appearances 
which the electric light assumes, in proportion as the pressuie of the ga^ dimin* 
ishes, and particularly the variable form and size of the stratifications of that 
light, together with the formation of a vioh t colored photosphere around the ball 
serving as a negative electrode, and of a black si)ace, from five to ten centi- 
metre? in length, which soparntes that photosjihere from the stratified luminous 
column. He has satisfied himself, iu the courBe of a great number of ex- 

Seriraents, that these appearances of electric light in rareiied gases are 
ne^to a mechanical effect produced bv the transmission electricity, an idea* 
which had already been advanced by M. Biess. M. de la Rive has suc- 
ceeded in showing, by direct experiments, that the mechanical effect in qnes« 
tion consists in a considerable dilatation of tlie ga?eo!i3 matter near the negative 
electrode, followed by alternate contractions and dilatations in the column up to 
the positive electrode. I'irist. lie wa£> eaoily able to verify, by means of the 
manometer, the existence of the oscillatory movement in the gaseous column, 
and the variations in its intensi^, which depends, as he has shown, on the 
nature, degree of tension, and dimensions of the gaseous mass in question. 
Secondly. He has demonstrated experimentally thatif, by means of Fmnll «onnds 
of platina suitably arranged, derived currents are taken in ditTerent p irts of the 
luminous column, all traversed by the same discharge, great diil'erences will he 
found iu the iuteusity of these curreut^j, differences which prove that the ob- 
scure parts possess a greater conducting capacity, and are consequently the most 
dilated. With hydrogen, the best conductor ot the gases, no derived current 
ia. obtained in the obscure part of the column. Thirdly. 31. de la Rive points 
out that the indications of the thcrmom"t*'r placed in different parts of the 
Btratitied column conduct us to the same results, by evincing great differences 
between the temperatures of those different parts ; the more obscure parts being 
aenaibly less warm than the luminous, which proves tiiat the former are better 
conductors. The author has obtained a great number of numerical results, in- 
dicating the differences of temperature, at different pressures of various portionfl 
of the gaseous column traversed T)y the discharges. 

M. de la Rive completed hh communication at a subsequent session, by ox- 
plaining to the Society the modilications produced in the phenomena relative to 
the propagation of electricity, through highly rarefied mediums, by the action of 
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a strong magnetic power. Tliia ucuuu lends to angnifnt the rctiiotauce of the 
gaseous sabstanee to the tnmsmission of electricity, by coDdGnaiiig the gaseoia 
filaments, and has in particuhur the effeet of rendering lominous the ob§cure 
part of the column, by contracting the previously too much dilated gas which 
occur!^ there. Lastly, the attention of M. do la Rive wa« efprcinlly di.nvn to 
tL«' rotatory aixl expansive action of rane:neti>iii on tlic electric discharge. He 
lias succeeded in obtaiumg, in regard to this puint, certain very condtaut facti» 
, such as those relative to' the duration of the rotatory movement of the discharge! 
which varies with the directioh of the current, the nature of the gas, and its 
degree of density. He has also remarked the very great difference which the 
phonomrnon presents, accordiiip^ a«s the rnrefK d gas is dry or contain" vapor 
of water or of alcohol. In the tir.-t Ccise, the huninons discharge expands under 
the intiuencc of magueiicui into a .^licet whii h forms the surface of a sector, or 
even that of a full circle when the gas is very much rarefied. In the case in 
which vapor is present in the rarefied gas, tho discharge, instead of expanding, 
divides mto a greater or less' number of small partial jets at equal interspaces, 
forming, as it were, a star animated by a movement of rotation around its centre. 
These phenomena, and other? of the same kind, hnvr led M. de la Rive to 
establir^h a difference between pi rmaiient gases and vapors, in n t'l r* ncc to the 
j^oiut of cohesion, or rather their molecular constitution. The author termi- 
nated the reading of his memoir with some general considerations on this exten- 
sive subject ; announcing that, for the present, conclosions too absolute would 
bo premature, and that he abstains from presenting them until he shall have 
corapleo d his researches by extending them to a greater number of gaseous 

SubstauceH. 

If we have enlarged a little more than is usual in an analysis of the memv>ir 
of M. de la Eive, we find a justification, not only in the importance of the sulh 
feet, but in the circumstance that the results which he obtained have been here- 
tofore published only in fragment^. The entire memoir is about to appear ia 
the seventeenth volume of the Alenioirs of the Society, now in the press.* 
• It should be added, that we owe to ^T. do la Rive the model of a new ^^-stcm 
of GroveV ajij)aratns. The modification whieh he has introduced iutu tlie Vmt- 
tery of that phyticisL ia essentially calculated to render its mauagemeni mur' 
commodious and prompt. His instrument, which is extremely manageable, and 
is furnished with conductors of alumina, possesses the advantage of requirkig 
little manipulation*, and of rendering superfluous the removal of thd nitric 
acid; the same acid i^ufBces for the service of several days and manv experi- 
ments. With the help of a single pair of this battery, M. de la Rive has been 
able to repeat all the principal experiments of the electro-dynamics of Ainper«>— 
.exneriments which usually require five or six pairs of Grove or of Bunaeo. 

Besides some verbal communications by Professor Wartmann relative to 
electrical phenomena, particularly to the limit of pressure which permits a 
spark to pat's through a gaseous medium, as well as to the influence which tho 
state of tenninn of a fjascous tnediuni oxrreises on the passage of a current, the 
savant just named eugaged the ua> iiiiou (d the society by an account ul som.' 
of the principal subjects discussed in the last rcuniou of the Biitish As^ocLlu an 
at OamDridge, at which he was present Among the communications made <in 
that occasion, M. Wartmann cites more particularly the observations of M. 
Nusmith relative to the structure of the sun. To avoid the inconvenience of a 
too ^Tf'fxi W^ht, M. Xajsmith, instead of introducing the solar rays directly into 
the eye, places near the ooji ct glass a lens which is piano on the side next 
eye, but concave on the opposite side, so as to disperse the luminous rays ;iad 
allow the study of only the quantity of light reflected by the plane anrfiboe. 
The author has thus lieen able to ascertain that towards tibo hour of noonday 



* A iiaU tnnslation of this interestiog memoii is given in this report.— 8m ptge — 
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the luminous envelope of tlio sun prc?nits a f^Tcat number of spindle-shaped 
images, which might be compared to willow leaves strewn confusedly over its 
snrface. Of these M. Waitmann baa preBcnted to the Soeiety a photograph 
t^ken from the onginal desigUB of M. Na&mith. These images seem to to die- 
placed one by ancdier, sometimes parallel to their axis* sometimes by an angu- 
lar movonir>Tit. TIio preceding observations have been confirmed by M. Prit- 
ciiiu^tl, who annouTu'cs that they maybe repeated with a j^ood telr^mpr nf from 
three to four iiichuf*. M. Wartmann also gave an uecouut oi ex|H'riuiLUtc. in 
telegraphic electricity by M. AVheatstoue, which he wituejised, a*id by which 
it is practicable to obtain despatches written with extraovdinary rapidity. 

The same physicist communicated to tlu? Soeiety a cote relative to an elec- 
trical phenomenon observed by M. Alizier, teacher at Geneva, July 24. 185G, 
on the summit of the Oldenhom. f)f a suddc ii tlir st ivr >• bonu; by M. Alizier 
and the persons who accomjiaiiird liim began to !*ouiid in the manner of the 
posts ot the telegraph. In a, few momeutij a heavy storm of hail descended. 

Professor de U Rive, on his retnm, in May, 1863, from a sojourn in Paris, 
reported to the Society several new scientific faats which he had gatliercd. He 
drew attention, in particular, to an inve.^tij^ation of 'SI, Helmholtz, by which that 
«nvaiit had arrived, siinullaiK ously with M. W. 'I'honipson. at iIk' e>.nrlnsion 
that the earth cjinnot be liquid in its interior. He also thinks liiiii>< lt < niitlod 
to atBi-yi that it is not necessary to recur to the hypoihe.sis of aerolites fulling 
coQtmually into the sun, in order to explain the pereisteuce of the high tem- 
tieratnre of that body. It suffices to adroit that the sun, having become heated 
by an nndctcrmined canse, is now growing cold with extreme slowness ; for» 
according to M. Ilelmboltz, the calculation.^ heretofore made greatly exag- 
gerated the rapidity of refrigeration in rrL"n-d to lliat body, because they 
n^'srl^ctod to take account of an important clrment, nam»*ly, that the .*un 
dimiui.-Lc'a in volume as it grows coolerj and that this contraction must de- 
velop new heat. * 

M. de la Kive presented to the Society, in the name of his Bon, M. Lucien de 
la Bive> a memioir on the number of independent equations in the Bolution of a 
system of linear currents. This memoir, being wholly mathematical, ia^not 
adapted to anfilypis. 

Professor Alarcet has contiaut d to impart to the Society many facts redative 
to noetnmal radiation ; among others, to au altogether abnormal refrigeration 
of the snr&ce of the ground, and of the stratum of air in immediate contact 
with it, wlucli he has remarked during the first days of March in localities . 
tnrnrd towards the north, not only at the hour of sunset, but even during the 
warnK St hotirs of the day. Tlie author attributes this extraordinary cooling 
of the surface to the concurrence of several atmo-^phi i ic ciix'umstances, but 
more especially to the extreme dryness which had prevaiKd for some time, and 
which, as Tyndall has proved, peculiarly fadlttates the radiation of terrestrial 
heat.* 

M. Marcet has taken advantage of the residence of bis son in Australia, to 
TTidtiee him to repeat at Qii('on>jland, nndrr tlif -i-.'fl dcirree of south latitndiv 
the experiments on nocturnal radiation, which have been recently made in our 
t<!mpcratc climates. It would seem to result tirom these experiments that the 
phenomenon of the incilease of temperature at certain periods of the day, when 
we ascend some feet above the snrfkce of the earth — a plienomenon so well 
authenticated in our temperate climates— is not remarked in the regions of the 
torrid zone either at the rising or sotting of the sun; or if it lakes place, it is 
in n tlc^vvv scarcely sonsilde, liardly ever exceeding 0°.4 C<'ait. M. Lticicn de 
la Hive has recently made some ob.servations in Egypt, on the banks of the 
which would appear to lead to an analogous result. M. Marcet explains 



* See Afddtm ia Sdenett Fkgri^ U NMmmUes, April, 1863. 
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this apparent anomaly by attributing it to i^evcral causes, but more particu- 
larly to the great quantity of water* under the form of eWtie vapor, field by 
die atmosphere in tropical regions, e^pcciaUy in coantries but little femote 
foom the eea — vapor which, it id known, possessci? the property of intercepting* 
in a high degree tlic dark h( at emitted by the {rronna, and which would 
thus contribiitr' tr> reudcr &o much la^s apparent the ejects produced by the 
uocturnal radiation. 

GommanieatioQfl on chemist ri/ proper have this year been leas numeroM 
than usual. We have scarcely anything to cite bat some remarkable researches 
of Professor Muii;;n.ic cii the tungbtate.s, the fluo-tungstatcf, and the fluo- 
borates. Tim Hulijci-t, ahhougli of j^rfnt inijJort.iTii-'-, -niJ treated in a ma>»terly 
manner, t"n ^p^( i.il tu uliow of my pn ^l ntin^ In rt- even a summary analypi?. 
We may, bc-->iJe», direct the reader iur a detailed exti'act of the memoir to the 
compter rendtu of the Academy of Sciences, in anticipation of its appearuiod 
ta extetuo in early numbers of the Anna its Je Chimie et de Pkytique. 

Dr. W.BIareet has drawn the attention of dic Society to inveatigaliona made 
by him on tlie dip^estion (»f fut."^, particularly on the mode in which the emulsion 
of iho»e i*ubBtunces iri eflVett <1 li}' mean.-* of the bile, and probably al:*o of the 
phosphates, which occur abuuduntly iu uuimal food. The same chemist aUo 
communicates cxperimeuts* which he has recently undertaken, on the compo- 
sition of the g I- trie juicct and on the changes which it undergoes as to the 
degree of acidity during the act of digestion. 

NATURAL SCIEv^CES. 

The n itrn il science.^, and more especially i:ii>hti;^i and palcontologif, have 
this year bad a large share in the laborri of the Soci.-ty. We should mention, 
in tlie tir«t place, several important cominuuications of Profe!^sf»r A. Favre; 
and, fin^t, hi?» geologic^fl chart of portionj* of Savoy, J^iedinont, and Switzerland, 
in the neighborhood of Mout-Blanc — a chart drawn on a scale of tsooTTo" ^ 
which is the result of persevering and conscientious labors pursued since 1840. 
M. Favre has aL<«o presented us with the geological chart of the Jura luountains 
pert/fin it!;j^ to T'>as]r — tin- fir.-'t pnblir^lied if tlio expense of tlie e'lnf. denitinn, 
undrr the eap' and direction of M.iMiiller. it \^ designed on a tcah- of 
There is* reason to fear, however, that the enterprise cannot be continued in 
such wide proportions, and that it will be necessary to return to the scale of 
p^,,^4T- ^hnxi is accompanied by a publication In two series — oneibr the 
Jill I e he other for the Alps. 

M. I'avrc also read to the Society a memoir containing: a d« tailed description 
of tlir mountain of the Voiron?, of which he baa detiimined tbe pnccession of 
the ditlerent strata. This memoir will soon appear in the text which will ac- 
company the chart of Savoy. 

The same geologist read to the Society a critieal analysis of MM. Koechliii' 
Schlumberger and Schiraper on the transition d. j.<jsit of the Yosgcs — a deposit 
n ffiTcd at present to the fdd earlionifernns series. He also pre?ent( <1. iu tlje 
name of 3f . Sfnder, a f^eoh'^Meal nit luoir on the ]»a]li<:stoek and the H. ateiilii rg. 
situated on ilie borders of t he l^ike of Thoune — a memoir which has been pub- 
lished in the Archives of the Physical and Natural Sciences. 

Professor Pictet read to the Society a note containing critical ohservatioasoo 
the subject of a new stratum, which M. Coquanil proposes to introduce bito the 
series of cretacpoTi" formation? — n stratum already known under \ho name c^i 

aljiine neocomian." and to which he propor-es to <_n\ e tlial of " hareiiiuin" 
considering it as the c(^niN alent of the yellow eione of Neuclialel. M. I'iciet, 
without disputing the propriety of a new name, does not admit, betwoea the 
bart mian and the ycUow stone of Noncfa&tel, so precise and icstrictcd a piitl- 
IcUsm. 
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The Bame Bavant called the attention of the Society to an alleged reptile with 
feathers, found in the jorassic of Solonhofer, and described by M. Wagner 

as possessing at once the tail of a reptile and the feathers and ^et of a bird. 
This fu^sil has been acquired for the British MoBeum by M. Owen, who will 
aoou publi.-li a detailed description of it. 

The Society has couiiuued to keep itf*elf informed of the facts relative to the 
fossil 7nan.'' Its interest has been particularly excited by the discovery of 
the human jaw-bone of Moolin-Quignon, near Abbeville. H. Pietet, who took 
occasion very recently to study, at I^iri^, this bone» and the hatchets which ac- 
companied it, has set forth to the Society the reasons which seemed to him to 
render the authenticity of thoFc objects iucontc.-t.iblc, notwithstanding the donbta 
at tlr.-t expressed on this subject by eminent palt ontologirtts. More recently wo 
have learned with much interest that a sort of scieniitic cougrustt had been con- 
voked at Paris, and the authenticity admitted with nnanimity. It remains to 
solve the question of antiquity— that is to say, to decide what place the deposit 
of Moulin-Quignon should occupy in the series of quaternary and modem 
formation?. 

■*M. lit nevier has communicated to us a photograjthie view of the Biublfrets, 
geologically colored, and has, at the same time, given to the Society an account 
of some recent geological excursions in the vaudcse Alps. He has been enabled 
to complete the series of Jurassic formations in this district by the discovery, in 
the Diablereta, of a stratum of bajocian, (inferior oolite,) and of a stratnm of 
bafhonian, (greater oolite,) the first being characterized by a gigantic fucoid. 
Fmally, M. fienevier announces grains of "chara" in the nummulitic of the 
X)iabkret:^. 

Wc arrive now at organic natural IiisLury, and it remains to speak of botany 
and BoOlogj. 

BdlaJiyd— Professor De CandoUe has presented to the Society several in- 
teresting communications rektave to vegetable physiology and to botany proper; 
particularly a paper on a new character ob^'erved in the fruit of oakn, and on 
the Itr-r division to adopt for the genus *• ' hicreu;^ ;** a memoir entitled Studies 
eu }<j)i'cics, occasioned by a revision of the Jamily oj Cupulifcra, in which the 
author discusses the eystem of Dai win, and the theory, applied to the vegetable 
kingdom, of a succession of forms proceeding from the deviations of an anterior 
form. Both these memoirs having been published in the archives of the physical 
and natural sciences of the Bibliothcque Universale we shall here content 
our.<«']\ < s with indicating them to savants who are interested in questions of 
thiB kind. 

Besides the original memoirs juijt cited, M. de Candolle brought lo the notice 
of the Society some interesting results of observations made hy M. Schubler 
" on plants cultivated in Norway." The author has shown us in what degree 

the deficiency of heat, in northern regions, fi])pears to be compensated by the 
prolong-od action of the light due to tlie Icni^tli of the day?'; to such an extent 
that, in proportion as we advance towards the north, the coloration and sapidity 
of ulants seem to increase rather than diminish in intensity. 

H. de Candolle lias also drawn attention to two memoirs of Dr. Hooker. The 
fint reUtes to a plant discovered on the African continent, opposite Femando*Po» 
to which he has ^nven the name of Wdwiischia. This plant, whose trunk is a 
cone of little height, 8urmouiit( d by a torous (hossclc ) table attaining a diameter 
of^iK feet, presents the fin'^ular character of ]ki\ in^ but two leaves, which are 
inJt cidnous cotyledons. It i.s the only vegetaijie known whose cotyledune are 
not caducous. The second memoir of M. Hooker relates to the celebrated 
group of cedars of Lebanon, which is found to be established on the meraine 
of an ancient glacier, and which this botanist visited in 1860. M. Hooker is 
inclined to think that, in the present circumstances of climate, this tree could, 
with difficulty, establish itself on the mountain where it is found, and pronounces 
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the opinion that the old cedars wbich now exist there are bnt tlie renudns of 
an ancient forest, dating from au epoch more favorable to the developmcut of 

the fpccies. It is cortain, in the mean tinu-, that the ccdnr of Lebanon, that of 
the llimalnya, an<I tliat of the Afla,-* preseut varit-tics which it is diiiicuh to 
distinguish trom one unuther. Hence M. Hooker ia disposed to admit that 
i^ey all descend from one piimitive form, which has spread itself over a yast 
region when the climate was more temperate than it is at present. 

To Kcv. M. Dubj we are indebted tor a note relative to observations made 
at Bombay, on a champignon or fnngus which attack,^ the feet of thf natives, 
and produces a malady known in the country under the name of "podi lcnma 
mycetoma." Tlie bones of the foot and Iow< r leg are gradually perforated 
through and iliiuugh, and the champignon, which bears spores very similar to 
those of the olTdium, lodges in the cavities thus formedi nnder the shape of a 
spongy moss. M. Duby has also occupied our attention with the very ingenious 
ODservations of M. Darwui on "the mode of fecundation of the red flax.*' The 
same botani;?t aho aunouncff thnt lie observed m the CalUstachifx lincarU 
a very remarkable movement of the inferior leaves which, at the decline of day 
embrace the stem, while the superior leaves embrace the ear. 

Zoology and Physiology. — Dr. Dor called tho attention of the Society to a 
new theory of Daltonism, or rather to an old theory of Yonn(r, to which there 
seems to be a tcndrncy to recur at the present time. Agreeably to this theoiy 
there exist in the retina three (h .^criptlonr? of nervon? fibres; the first sensitive 
to rod, the socond to p'oon, the tliird to violet. 1 ).iltonij*t««, tlu ii, would he 
those in whom one of iIicjil' ord(a> of fibres is completely paralyzed. M. Dor 
baa also proposed u new scale of characters for measuring the distinctness of 
vision. 

M. Victor Fatio presented to the Society a specimen of a lizard of the Alps 
called " Lacerta nigra," regarded by some authors as constituting a p.rrtlcular 
Bpecies. M. Fatio is rather disposed to consider it as bein^ but a simple variety 
ol' the " Lacerta vivipara," and he adduces the reasons which lead him to hold 
this opinion. 

The same physiologist read to the Society a note on the habits of the " pl^ 
bate cultripeae/* of the coasts of Brittany. He has ascertained that this batra- 
chiau is a nocturnal animal, which buries itself during the day in the sand, and 
remains there till night in a state of comph-te immobility. M. Falio has also 
communicated to u,-^ a jilan of gon^^raphical distributi on, designed to f'-nn the 
basis of an cxtcnc>ive work, winch he has undertaktu with the view of maidng 
a complete catalogue of the vertebrata of Switzerland. 

To complete what we have to say on organic natural history, we should 
mention an interesting notice by M. Muller, relative to the recent modifications 
whicli the theory of C( lUdar organization has undei^ne through the influence 
of the labors of MM, Brucke and Max. Rclmltze; and a communication of M. 
Clapai'cde, in which that j»hysiol<>j!;i,<i rentiers an account of some epidemic 
instances of "trichinns spiralis" lately authenticated in G-erman^, and more 
especially in Saxony. It is now known that the lanra of this parasite continues 
to live in the flesh of the hog when iusnfliciently smoked. Kow» a single pair 
of these animalcules, arriving at maturity in the human intestine, suffice to 
infect witli bnrva; a!! th(; nuiscles of the body, and to occasion the gi-avcst con- 
Beqnences, sometimes even (leatlj. The d.inger of Buch an infection is now so 
fullv realized that the inhabitaute of I'ianen, in Saxony, have establidbed at 
their slaughter^honse an official, provided with a microscope, and have nrohlbited 
the sale of hogs whose flesh has not been previously examined with tne help of 
that hlstrumant* 



* Jb'or an appendix to this pari of tho report MO tho eud of this srtids. 
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Dr. Gosse has oommanicated to tlio Society a note of M. Campbell relnttve 

to the frequency of goitre, in tin- di-tiictH iioar tlif foot of tlie Himalaya — a 
jualady witli wlikli idso goat» and tjlieep are lrot|ueiitly iiit't ( ti d when they de- 
scend from tho niouutuin La^itly, Dr. Lombard bos read lo m a detailed 
extract of obciervations ptibltshed by M. Jordauoet, a French physician, on the 
climate of Mexico, considered in a medical point of vie 



Having tbua presented a cursory review of our proceedings during the past 
year, my task nnfortonatelv i» bUU incomplete ; for, notwitbstandiug the re- 
Btricted number of oor memberB, Bcarcely a year pii^Hea iu wbicb your presiding 
officer, in bJs annual report, is not calh d on to deplore the Iosb of one or more 
of them. Tins year has rfmovfd two from among us: one of tlicm. M. Lo 
Koyer, a r»'fir« <l member, of advanced age; the other, Af. Etit ime Melly, a ' 
member iu ordmary, whose years authorized us to hope that ^^ (- might long re- 
tain bim. I must not dose this report without briefly recalling the titles tbey 
poBsessed to the esteem of the learned world and the a&ction of tbeir coUesgues. 

Etienue Melly, bom at Geneva, in 1807, early evinced a decided taste for the 
physical sciences. After successfully pursuing the coiirHp of ottr Academy, he 
went to Piiris to complete his scientific studies, and on his return to liis country 
was attached to the Industrial school of this city as a teacher of physics aud 
chemistry, the study of which be may be said to have created in the establish- 
ment in question, and from *the Buperintendence of which he never desisted 
until tho mfirm state of his health made it impowible for him to give to his 
duties the care and attontirjii wliicli lus scrupulous conscience exacted. While 
thus employed lie prosecuted divers physico-chemical researclu s of j;reat interest, 
only a part ot which, owing to his characteristic diffidence, have been commu- 
nicated to the public. Hib two principal publicationB appearedi the firat, in * 
1839, in the Billiofheque Unicerse/le, the second, in 1841, in the first volume 
of the Arc/lives de V Electricitc. The former treats of certain felicitous attempts 
wlikh he had made to apply plafina to other metals by means of pressure so as 
to obtain a very Boliil }>late, and be thus able to Bubr-titute, ui certain chemical 
processes, for utensUs of platina, uieusils of piaimizcd copper. This mode of 
platinizing offers greater asBurance than that by electricity ; in ^t it better 
resists the action of chemical agents. 

The second publication of M. Melly, and that of nfost importance, embraces 
two dlr-tiuct parts : the first, relating to a more economical construction of tho 
battery of Grove, then just invented, and to the study of the chemical etlVcts of 
electricity by means of that apparatus. The second part has for its object tho 
study of the chemical effects of the electric Bpark, whether produced by Grove's 
Imttety or by currents' of induction. M .lielly sets forth in his memoir the. 
numerous experiments by which he had succeeded in decomposing, by means 
of that spark, not only distilled water, but the most isolating -iiib.Htances, such 
as oils, ethers, alcohol. &c. He establishes, by a well-sustained analysis of the 
results be bad outamed, tho difference which exists between this mode of de* 
composition and electro-chemical decomposition properly so called, and he shows 
that it is an effect, not of electricity itself but of toe intense heat developed by 
the electric spark. 

We know that this decomposing power of heat, carried to a high degree, has 
been since demonstrated in a direct manner upon water, witliont tliu interven- 
tion of electricity, by M. Grove, and has been extended upon a wide scale to a 
multitude of substances by M. Deville, who has called it, "the diBsociation of 
bodies by heat." Still, there will remain to M. Mellv tho honor of having first, 
by his ingenious experiments, called the attention of tho learned world to this 
important subject. Independently of what he h«s made luiown by his j^viaAir 
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cations, Molly, who knew no remission of labor, often obtained interesting 
r( ^^u!fr^ which he kept to himself, or commimicnt( d but to a few of hh friends. 
The disti-CiiBing state of \m health having compelled him, many years since, to 
abandoQ bit luoratory, he did not give way to discouragement, but continued 
to devote himself with the same ardor to the micrMCopic investigations wbteh 
constituted the scientific interest of hia latter days. Of these ha has left bat 
few written notices; their results ai'c contain' fl in his collections, especially in 
that of the Dijitomea;, of which he has left more liiaii fifty boxes, cont;iinin;; as 
well the Diaiomeaj of the environs of Geneva, as those of foreign lauds aud ihose 
of types determined by known authors. As to the microscopes of which he 
availed himself, it may be affirmed that never have the Algaj of our country 
been studied with th<' Iitlp of instruments po perfect. ^Mclly, bc.-idt brou;i;lit 
an extreme carefulness to the piopnration of niicnt.-copic ol)jt'Ct8; we may judge 
of it by the following fact reported by Professor Thury in the interesting notice 
which he read of his friend : The collection of Diatomes was twice resimed 
entirely anew by Melly, beeanse the distilled water and alcohol which he had 
employed were found to be not absolutely pure. 

Of a convnir^ation as frank as amialtlo, Mr lly had, moreover, that devotedne?!! 
for others, whose character is the most compU;te jfclf-abncgation. Happy iu the 
success and welfare of his friends, every feeling of envy and jealousy was so 
alien Irom his nature, that he would not even admit the existence of these evil 
sentiments in another. Having suffered in his dearest affections by the loss of 
a beloved consort, ho remained thencefoiT^'ard completely isolated. But this 
isolation, far from rendering him egoistic, had still more enlar^'ed iii.^ heart. 
His gratitude, for the carca and attcutious of which he was the object on the 
part of bis friends was as touching as amiable. The religions sentiments -which 
sustained him in the midst of trials so various and afflicting were always 
united in him with a perfect tolerance in regard to those who did not share his 
'opinionf. It was the fruit of an olevatcd and disinterested nature, sneli a.^ is 
rarely witnessed. Ho sank, February 4, 1603, alter long and acute suLicruiga. 

Auguste Le Roycr sprung from an honorable family, and whose ancestors 
had been pharmaceutists from father to son ; was bom at Qeneva, in 1793. After 
pursuing his earlier studio in his native city, he went iu 1811 to Straaburg, 
where he passed eighteen ruontlis of preparatioii in studying pharmacy, his 
future vocation. In 1813 he returned to Geneva, took an active part in the 
political cvcuta of the time, and in 1817 was admitted a phaimaeeutii^t aficr an 
honoralile examination. Thenceforward Le Boyer sealously occupied himself 
in Bcient\fie labors related to his profession. It was in 1818 that the illastrtoiis 
Dumas, then ten yean^ of apre, entered himself as a clerk with Le Rover, and 
f«nb«equenil} became iiis principal as.-iistant. Besides the?e friendly connexions 
with Dumas, Le Hoyer contracted others with Dr. Trevost, taking part in many 
of the physiological researches of the latter in thefar chemical bearing. In 1821 
be was adopted as a nu mber of this .Soci* ty and of the Helvetic Society of 
natural sciences. The departure of M. Dumas for Paris, in 1823, compelled 
Le Royer to occupy himi^clf almost exclusively with pharmacy, and 1 know not 
that he has published anything since 1824. Nevertheless, he preserved a tast« 
for study, and always encouraged the scientific labors of those who approached 
hini. Like Etienne Melly. <riui whom he had more than one tndt of cambraii^, 
an extreme modesty pushed almost to timidity, joined to delicate health, pro- 
ven ted Le Royer from making that mark in scipnc<^ to which he might have 
pn tended. The following is a list of the articles which he publish^ jointly 
with Dr. Prcvost : 

1. Note OA the free acid contained In the stomach of the heihivord, (Mmoin 

of the Soekty of Phwiet and Natural Hutoryt vol. Ill, 2d part.) 

2. A memoir on digestion in the ruminants, ( BibUothegjKe UnivencUc fm 
V^4., vU. XXVILJ 



Digitized by Google 



PHYSICS AND KATUBAL HJUiTO£Y OF GENEVA. 



'3. Obacrvations on the contents uf the digeativo oiuul in the fijetua of the 
Tertebrates, (BiWothtque Universelle, vol, XaJOLJ 

Lastly, he published alone in the Biblwtheque Universelle, vol, XXVI, a 
memoir on the active principle contained iothe purple digitalis." 

Ilavinpr Ix'comf a valetudinarian in 1850, in consequonce of rlit umntic affec- 
tions, Lc Koycr was struck, in ISGO, with in bral apoplexy, uhich kt pt hini 
riveted to ills chair till the moment of his death, a few wceLi since, without any 
notable abatement of bin Sntellectnal faculties. 



APPEKDIX ON THE TRICHINIASIS. 

We annex the following additional infonnation in mpect to TrichiniaBiB» 
anentioned in the preceding artich^ : 

A few month." ;itro tliere was a festive celebration in Ilettstadt, a ^mall coun- 
try town near ihu ilaiLz Mountains, in Germany. Upwards of a hundred per- 
flonfl set down to an excellent dinner, and having : joyed thenuielvea more 
majonifih separated, and wont to their homes. 

Of these one hundred and three persons, mostly men in the prime of life, 
eighty-three are now in their graves ; the mnjorit}^ of tlie t wenty survivors lin- 
ger with a f»^*irful malady; and a few only walk apparently unscathed amoii;^ 
the living, but iu hourly fear of an outbreak of the discaae which has carried 
awanr such numbers of their fellow'diners. 

llkey had all eaten of a poison at thai festive board, the virulence of which 
far surpasses the reported effects of oj^ua tophana, or of the mort! tangible 
agents described in toxicological text-books. It was not a ]HM-r.ii dng^ out of 
the earth, extracted from plants, or prepared in ilic laboratoi n ut the chemist. 
It was not a poison administered by design or negligence. But it was a poison 
unknown to all concerned ; and was eaten with the meat in which it was con- 
tained, and of whicii it formed a living constituent. . 

When the festival at Ilettstiirlt had been finally (It termined upon, and ilie 
dinner had been ordered al ilie hotel, the keeper of tlie tavern fnTaii;:;^ed liis bill 
of fare. The introductiuii of the third course, it was settled, should ct»iibii.t, as 
ustial iu those paits of the country, of Rostewurst wtd GemAse. The liustc- 
vmrU was, therdforc, ordered at the butcher's the neceesaiy number of days 
beforehand, in order to allow of its being properly smoked. The butcher, on 
his part, went expressly to a neighboring proprietor, and b()n;^'lit one of two 
pigs from the steward, who had been commissioned with the truns letion by his 
master. It appears, however, that the steward, unfortunately, suid the pig 
which the master had not intended to sell, as be did not deem It sulhcieutly fat 
or well-conditioned. Thus the wrong pig was sold, carried on a barrow to the 
batcher, killed and worked up into sausages. The musages were duly smoked 
and delivered at the hotel. There the/ were fried and served to the guests at 
the dinticr table, 

C)n the day after the festival, several peraona who had participattid in the 
dinner were attacked with irritation of the intestines, loss of aj)petite, great 
prostration and fever. The number of persons attacked rapidly increased ; and 
great alarm was excited in the firsfr instance by the apprehension of an impend- 
ing epidemic of typhn.^ fever or continued fever, with which the symptoms ob- 
served showed g:reat .-similarity. But when, in some of the cases tre;ited by the 
sfime pliysiciau, the features of the illness began to indicate at first, acute peri- 
touiLii^, then pneumonia of a eireumseribed character, next paralysis of the inter* 
costal musdes and the muscles in front of the neck, the hypothesis of septic 
fever, though sustained in other cases, had to be abandoned with respect to these 
particular cases. Some unknown poison was now assumed to be at the bottom 
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Bhotild hope ihifl to lie the case. The experiment even if it ehonld not have 
the romantic character iudicated*inll prohably teach some earions details of the 

life of these pariHitr'?. Almost everywhere the commouest rules of cleanlinc«3 
arc di'Tog^arded in the rc.irinj: of pijr?. Yot pi'p^s are naturally clean nm'mMl?, 
avoiding:, like dtv^a and eata, all coutact with ordure. Though they burrow in 
the earth, and in summer wallow in the mud, they ahhor the heaps of excre- 
ments mixed with straw in and upon which they are freqnently kept. A doe 
regard to cleanliness will prevent trichiDoe in the pig. In wild boars, of which 
many nrv oaten in flio coimtry round the Hartz monntain?, trichina has never 
been found. Neitlicr lias it been mot with in shcop. oxen, or horf«of. Boef is 
the safest of all descriptions of meat, as no parasites have over been discovered 
in it. They have also never been found in the blood, brain, or heart of those 
animals iu whose Striated nmscles they love to reside. — Bntisk Medical JournaL 
[Lately, the common gronnrl-wonn has boon fonnrl to be infested by triehin^f 
one of the probable sources of the infection of swine.] 

The interest excited by this case has induced a more careful investigation 
into tho confpqnoncofl reuniting from the imprudent use of borr's flosh. nnd fit^il 
cases have been recently rt portcd in tlii* countiy. Tt bad, indeed, been long 
known among men of science that the. tricbiua wa^ occasionally found incysted 
in the muscles of man in the United States as well as in other countries, but no 
case of death resulting from the presence of the worms is known to have been 
observed till recently. In February, 18G4, "an instance of the poisouin;; of 
a whole family and the death of one member caused by eating bum" inbsted 
with the trichina was observed by Dr. ischnetter in the city of >iew York.* 
Dr. L. Krombein has since recorded some cases of a fatal nature noticed by 
him in the western part of the State. Having been snmmoned to attend a man 
and his wife resident in the village of Ohecktonaga, he found them afflict^ 
apparently with " acute muscular rheumatism of a somewhat peculiar charac- 
ter," and was sustained in his opinion by the concurrent bolii f of an assoiiato. 
Dr. Dingier. He subsequently surmised that tlie symptoms might indicate 
trichiniasis ; and the patients having soon afterwards died, a mieroseopioal 
examination by Dr. Krombein, assisted by Dr. Homberger, demonstrated the 
presence of *' tricbime ))olh in tlie incysted and free state." " Tlie specimen 
of human mnstlc taken from one of these cases after doiith, and also the sau- 
sages eaten of, were examined by Dr. J. li. Lothrop and Professor George 
Hadley under the microscope, and the trichina found in both in great unmbers. 
In the muscle the parasite was freCi in the sausage incysted." t Other members 
of the family, attacked by the same parasite* were only less unhappy in escaping 
a fatal end. 

[The (orv^nmg account?, tboup:b tbey indicate an alarming cause of disease, 
point out a ready means by which tho evil may be averted, particularly in the 
great pork marts of this country, namely, inspection by the microscope. It 
will probablv be found that the disease is exceedmgly rare* but the assort 
anoe which the inspection would givo of this fact would be of sufficient import* 
ance to warrant its adoption.— J. H.] 



* American Medical Times, Febraaiy 20, 1864. 

t BnflktoMadkalaadSoigiesl JoQxnal, Jons^ 1864. , 



Digitized by Google 



EZPBBIMEKTAL AND THEOEETICAL RESEARCHES 

OK 

THE FIGURES OF EQUILIBRIUM OF A LIQUD MASS 

WITUDSAWN FBOM THE ACTION OF GRAVITT, 



BY 1. PLATEAU, PB0PBS8OB AT THB UNIVBB8ITY OP OBBNTy BTO* 
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INTRODUCTION BY THE SECRETARY OF THE SMITHSONIAN INSTITUTION. 

[Thb intercfiting investigations of which we comrar ncc in this article to 
an account consist of a serie^ of parts ori;];'in;illy pnl»Iir*li(;d in the Transactions 
of tlif BnisscU Academy. A translation of the hrst three parts was published 
in Tu^'lor'ri Scientific Memoirs; the remainder has been transhited for this 
Instittttioti, and jtbo whole will t^pnblished in this and tbe next Tolome of the 
SmithBonian Annnal Roports. The author has devised an IngeniOQB method 
hy which a. liquid may be withdrawn, as it were, from the influence of gravity, 
and left free to nFi^nmc t)i»* fl-'ur** <^>r extcmnl form which is produced by the 
interaction of its own nioiecuics. I'he experiments dcscribcil iu the first and 
second parts of the series have excited much interest, and have frequently been 
presented in popalar lecttires ae precise illnstmtions of the mode of formation 
of Saturn's ring, and almost conclusive proofii of the of ihe hypothesis 
of La Pliice as to the genesis of the solar riystem. 

It h'hould, however, bn observed tbnt the force in operation in the phehomena 
of the heavenly bodice! and that in the experiment^ of onr anthor are very dif- 
ferent, and can only give rise to accidental simiiariiics, and not to identical 
leenlts. GiaTify, which is opeiative in the first case, is the most feeble of all 
known attractions, while its sphere of action la indefinitely great. On the 
other hand, molecular attraction, which is operative in the second case, is 
exceedingly energetic, wh 1< it^ sphere of action only extends* to the nearest 
couticruouf particles, and hecume? imperceptilde at sensible diatancp«. The 
great puucr exhibited by the earth on heavy bodies, near its surface, arises 
from the combined effeet of an immense nnmber of attracting atoms. We know 
that the attraction of the whole earth gives to a body near its suHace a velocity 
of 32 feet in a second, and by comparing the masses and distances from the 
• centre of the earth, and a globe of the Fame density and n foot in diameter, wo 
cm easily calculate the velocity the latter would give a Fmall liody near its surface. 
The velocity thus determined is less than that of an inch in a year. Trom 
this result we may infer that small liquid masses, possessed of a slight degree 
of yicidity, would never a^^^ume the fonn of a globtUc under the mere force of 
gravitation. On tbe other Iiand, the great power of molecular attmction w 
f^hnwn by the energy with which water is drawn into wood and other porous 
substances. 
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Bat the difference of the two forcei Ib still more strikinglj exhibited hj tbe 
difRnrence of thoir s^phores of attraction. In the eoBe of gravitntion erery atom, 
for cx.implo, of the earth attracts rvrry nthor ntom of tho whole ran??, r-.nch 
conRpirinfr with all the othori! to produce tho Fphcncnl form. Whilo under tbe 
intiucncc of molcciihir attraction the atoms of a licjuid globule only acts upon 
the other atoms which are immediatelj around them ; and hence the atoms in 
the interior of a globule are, as it were, in a nentral condition, attracted equally 
in every direction. The only atoms, therefore, which are active in producing 
the globular forms and in givinj;: ri?e to the phenomonn dcfcrilied in this 

.memoir, are those at the surface of tho liquid, siuce these an.^ only attracted «>n 
one side, and are, therefore, free to exert their energy towards the mass, and 
tiieir tendency to bring thia into the smallest compass, namely, that of a sphere. 

•According to this view a globule of water may he eousidcredan assemblage of 
atoms, without attraction, compre^sf-d into the spluTieal form hy a rontrnctile 
film, within Avliich the atoms are encloised. Tlie amount of contractile lorce 
of such a iilm will depend on the energy of the attraction between the con- 
tiguous atoms and the degrees of curvature. To illustrate this, let us suppose 
a slip of India-rubber to be stretched horizontally between two supports. It \o 
the middle of this we attach a small weifrht, tlio slip will sag downwards, and 
the point to which the -Nveip^^ht i'' attached will descend until th' ve is an equi- 
librium liet\vet.'u the wtight and ihc contractile force. If an additional weight 
be attached, the descent will be increased mitil a new equilibrium is attained, 
and so on, the eontractUe force will increase with the degree of bending. A 
similar force is exerted at the free surface of all liquids. If this surface is hori- 
zontal, the attraction will be equal in every dirrrtion in the horizontal j)lane; 
but if at any point we press the surface so as to bend it out of this plane, the 
contractile ibrce will be called forth, tending to bring the j»oint back into its 
former position. It is this surface contractile force which eanaes a small globule 
of water or mercury, when flattened, to spring back into the spherical form 
when the compressing force is removed. The more the globule is compressed, 
or the greater the curvature nt the circumference, the p^renter will be the re«T«t- 
ance. llencc, also, the smaller the bubble the greater will be the contractile 
power of its surfaces, and the more cnei^tically will it assume the spherical 
form. This is converse of the action of gravity, the tendency of which to 
produce the glohular form will he the greater in proportion to the greater sittb 
and consequently less curvnture of the ^urfnre. 

These remarks ■will enable the readi r to comprehend more definitely the 
nature of the phenomena exhibited in the following paper. 

J. H.] 



FIRST SERIES. 

1. Liqniflp, hein;]:; <jirted with an exinme molecular mobility, yield with 
facility to the action ol lorces which tend to modily their exterior iorm. But 
amongst these forces there is one which predominates no much over the rest * 
that it almost entirely masks their action. Thia force is gravity ; tbu it is * 
which c;inses liquids to a.«sume the form of vessels which contain them; and it 
i? tills, al-o, M hicli niakea fmooth and horizontal the |i«,rtion of their surface 
which rt uiaitiH tn We can scarcely recognize, along the contour of this free 
surl'ace, a »ligbL curve which reveals the action of the combined forces of the 
attraction of the liquid for itself, and of its adherence for the solid matter of the 
vessel. It is only by observuig very small liquid masses, upon whidi the rela- 
tive actinn of p^ravit} thus weakened, that we can see the influence of other 
forres upon the fl;j:ur(' "if these masses nianifc^tcd in a very forcible manner. | 
Thus the sm:Jl drops of liquid, placed upon surfaces which they cannot moistca« 
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assumo a splnjrieal form more or less perfect. Leaving thcee miiuit<' quantitiea, 
if we wish to obacnre liquid mosses which have freely taken a certaia form, wo 
most qnti the eartbt or rather coneider the terreBtrial elobe itaelf and the other 
planets as having: been primitively flnid, and having adapted their exterior form 
to the combined action of crrnvitation and crntrifu'jral force. Tin nry then indi- 
ratofi that \ho?r rn;iFse.s ou^ht to take liic t'onn of spheroids mure or less flnttcmtd 
in the din'clioji t»t their axis of rotation, and obaervation confirms these deduc- 
tiouB of Uicory. Obaervatioo sbowa tifl, also« around Batnm, a bodj of anntUar 
form, and theory linds, in the combined actions of gravity and eantnfogal force, 
means of satisfying the equilibrium of that singular form. • 

If, however, we could, by some mean?, withdraw from the action nf gravity 
one of the liquid masses upon whicli we have to operate, at the name time 
leaving it froo to be acted upon by other forces which might tend to modify its 
.form, and if our process allowed of giving to this mass snmdently largo dimen- • 
uons. wonld it not be very cnrions to see it take a deteimuiatc figure, and to 
sec this figure v;iry in a thousand ways with the forces. on wliich it depends ? 
Now I liavc >u( ( ('< (led, by an extremtdy simple means, in submitting to the 
above conditions a considerable liquid mass. 

2. Fat oils are, it is known, less dense than water, and more dense than alco- 
hol. Aecor lingly, we may make a mixture of water and alcohol having aden* 
sity precisely equal to that of a given oil— of olive oil, for example. Now, if 
any quantity of olive oil h introduced into the mixture thus formed, it i? evident 
that the action of gravity upon this mass of oil will be completely annihilated j for, 
iu virtue of the e(]uulity of docMity, the oil will only hold the place of an equal 
mass of the ambient liquid. On the other hand, the fat oils do not mix with a 
liquor composed of alcohol and water. The mass of oil must therefore remain sns* 
pended and isolated in the midst of the surrounding liquid, and it will be per- 
fectly fre<- to take the exterior form which the forces that may act upon it will 
give to it. 

This being supposed, if the molecular attraetions of the oil for itself, those of, 

the alcoliolic mixture for itself, mul those of this mixture for the oil were identi- 
cal, there would be no reason that the mass of oil lift in the mid.^t of tli<' umlririit 
liqnid should take spontaneously one fonu more than another, .since, relatively 
to ail the forces acting upou it, it would be exactly iu the same position as an 
equal mass of alcoholic mixture whose place it would occupy. Bat it is evident 
that this identity between the different attractive forces does not exist, and that 
Uie attraction of the oil for itself greatly exceeds the two others. The mass of 
oil. then fore, ought to obey tin's excess of its own attractive force?. 

W<5 thus come to this couclusion, that our mass of oil may be perfectly as- 
eimilatcd to a liquid mass without weight, suspended freely in space, and sub- 
mitted to its own proper molecular attractions. How, it is dear that snc^ a 
mass must take the spherical form. 

■Well, experiment confirms nil tin's in a complete manner. The mass of oil, 
whatever its volunu', n mains, iu I'uct, suspended in the midst of the alcoholic 
liquid, and takes the /arm uja perfect spJiere. 

3. In order to obtain this singular result with facility, it is necessary to take 
certain precautions, which I will describe. 

The mrest concern the formation of the alcoholic mixture. The density of this 
mixture necessarily varie^^ with the kind of oil which is used. Fortlie olive oil 
which I employed, and for the purity of which I cannot vouch, the proper mixture 
maiked twenty-two degreea on the areometer of Beaumd. If, therefore, any one 
wishes to use olive oU, he may always consider the above value as a first approx- 
imation, and, by successive attempts, will bring the liquor at length to the exact 
point wliicb it ought to reach. To accomplish thif, a test tnbn i^ filled with 
the liquor, into which a little oil is afterwards pouretl by moans of a long-ncckcd 
funnel, which i*cachc3 about half way down ihe test tube. The oil, on reaching 
14 8 
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the liquor, fomu a globule, to which s diameter of about two oentimetrec* mnt 

be {^ivtu, and wliitli a little shake will detach irom the mouth of the funnd if 
it does not d<'t;u h it«elt'. Then, accordinjrly thi^^ p^lnhulc fall- to lUv l>ottom 
of t!><' liquor or rises to its surfncfN we conclude that the quantity of alcohol of 
the mixture in too greut or too Bniali ; we therefore add to this a little water or 
aieobol, taking care to stir it well, aiid reoommenee the experisieiit of the teet 
tube. The tsame operations are repeated until the globule of oil remains sua- 
pendtMl in i\ut liquf)r, without appearinj^ to have a tendency either to fall or rise. 
The mixture m.iy thrri hp eon«idei*ed as approaching vi ry nearly the d» -irrd 
point. I biiy very nearly, for the globule of oil of the test tube, being of emaii 
dimeut»iou.'«, has more diihculty in moving iu the liquor than spheres of a huge 
diameter, and it may seem to be in equilibrium of aensity with the surronnding 
liquid* whilst for a larger volume of oil thin equilibsinm does not exint. 
• 4. WIk'U lh<i alcoholic mixture, whit li 1 pn*f»Mppoff^ to be cnnrnin* il in a 
larj^t <j:\;\^'> f!M!<k of the ordinary form, has attauied liiis point of ap{>roximation. 
the next I liuig id to mtroduce the maua of oil. I'or this purpose th«* long-necked 
flinnel which has been mentioned above must bp m;, lin used, and this innt^t 
reach to a cert^iiu depth in the liquor contained in the tiask. L<nting the funnel 
rent on the neck of the latt«T, we pour the oil elowly. Then, if ih»; alcoholic 
mixtuK ia by chance exactly in the requisite proportions, the oil form?, at the 
extremity of the neck of the funnel, a sphere, the volume of w hu h increai>es 
gradually iu proportion as we add this last liquid. When th«' t^pherc has at> 
tfuned the volume we desire, the neck of the funnel is withdrawn with caution; 
the sphert v liieh adheres to it ri8C8 with it toward the surface of the liquor, 
it't'1 'li- Oil ^s hii h it Ptill contains iu added to the preeedin^j-. Ln«tly, when the 
epiierc h;i.-^ itearly readied th<* Hurfnce of the alcoholic mixture, a little tthake 
detachea it Irom the funnel. Ordinarily, however, the mixture hatj not bo exactly 
the desired density. We then see, in general, sev^l successive spheres of oil 
formed, which, detiichiug themselves one after aiiotln r front the mouth of tiM 
funnel, fall slowly to llie bottom of the flask, or risr- to the surface of the alco- 
holic licjiioj. In this case- all tlie?o spheres should, in the first place, ha uniteo 
into (uie, which is easily done by the tbllowing means. We iuti*odace into on« 
of them the end of an iron wire. The adhermce which the oil contracts wiUk 
this metal then allows the sphere in question to be ea^^iiy conducted in the am- 
bient li(jnid, and to be led to join with a second sphere. t By coiit'nnlng this 
trcnttnenf, we poon Fucoeod in unitinpr all. 'i'lten. nccordinsT the whole sphere 
shall remain at tlie bottom or on the surface of the liquor, add cautiously to the 
latter a certain quantity of water or of alcohol ; and, after having corked the 
flask, we next turn it several times slowly, and so as not to disunite the sphere 
of oil, until the mixture is well effected, which will take place when we no 
longer perceive any stria- iu the liquor on lookinir tlinuigh it at a window. 
i^nMrly, the «HTne operation is to be repeated UAtil the sphere of oil is perfectly 
in equibbrium in the surrounding liquor. 

5. If the experiment has been made, as I have suppos^ed, in a flask of the 
ordinary form, that is to say cylindrical, the mass of oil does not, however, ap> 
pear exactly spherical ; it is widened in the horizontal dlrecrioM. But this is 
oTily :in optical illusion, nttribut?ibl'' to the form of ihr tl i-k. The latter, with 
the liquor which it contaiut^, actd in the manner of a cyliudrical lens whose axi« 



* i^-e table of meaAOiest at tbe end of this volume. 

tTn enler tliuA to compel two xphfTPS to tinUe, it daM not unfficeto pat tbcm in eoataeC 

■.^ i'ti i>iu' HiietlitT. Till y mifrlit t-n. h i" v a ]<-u<x titi!' \vit!i >ut in'ripliiifj into our; onr would 
My tluu tltev Htm euvelopvd iu a nsistin<^ pciiiculc which opposes ihtir anioii. It is«i*o 
iicce^rary, toerefon', to iiUrodnre thn extremity of the m^tattic wiie into the ssoond sphen^ as 

ii' \vislu«I tu brt rik tin p.irtirion \Tl]:rh <!tparuti-i« tlip twooUUSSS- TllA noionlS tfkSDSflbctsd 
mitutUitttdj. I ahail revert to theae pheoomeaa hereaiW. 
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would bo vertical, aad enlarges in appearance the hohzoutal dimensions of the 
object. 

In order entirely to avoid this illuaioilt wo most use a voshcI of plane smooth 
sides, formed of plates of glass set in a metal frAme, (§ 8.) Wv then have, in a 
complete mnnner, the curious ppoctxiclo nf a considnrahln mass of liquid prr?ent- 
ing the form ui' u perfect sphere, and imitating, in some measuie, a planet sus- 
pended in space. 

Instead, also, of tlie abore TeBsd, a glass 1)8110011 may be med, wlucli is more 

imple and less expensive. In thi;> €aae» indeed, the mass of oil only appears 
ill ii.-i real figure when it occnpiea the centre of the balloon ; but the apparent 
fii-foition is ?m:ill, as Ion»^ m the sphere is pot moved considerably from this 
o utre. A vt s.^i 1 of llii-* kiud i:^ very convruieut i'ov uioft of the experiments 
whicli 1 fehali describe in this part of the memoir; but it would not t*erve for 
those which I shall have to make known subsequently. ^ 

6. Now, having obtained, by means of the process above detailed, a fine 
Fphere of oil well suspended, and presenting. I will suppose, a diameter of six 
to s^ven centimetre**, we ph.iU observe the following circumstances, which it is 
imp>rtnnt to noiice before we proceed further: 

In the first place, the equilibrium, previously wejll established, is soon dis- 
torbed of itaelf. At the end of a few minutes Tsre see the sphere quit its place« 
and rise with extreme slowness towards the upper ])i\rt of the ambient liqmd. 
If a little alcohol bo then added to restore the equilibrium, on treating the mix- 
ture by the proce5«s of § 4, this equilibrium if» n^nm broken in the same manner 
at the end of a certain time. In fine, it is only by eon(iiiuin<r for some days to 
maintain it by the successive addition of small quantities of alcohol that we 
come to obtain a jpermanent e^uUibrium, which is then no further distorbed, 
except by an accidental cause, of which we shall speak in the following para- 
graph. If the temperature does not fall below IS"" centigr., the above phenomena 
arc the only ones observed ; but sometimes, if the tenipor iture remain.^ below 
that limit, and ahvaya, if it is below 15°, another effect is manifested, namely, a 
diminution in the transparency of the oil. 

These phenomena are owing to a gradual chemical action which takes 
place between the oil and the alcoholic mixture. The first of these would be 
very inconvenient in most of the experiments ; but, happily, it may be obvi- 
ated. Thi^i can evidently be effected W employing the two liquids only when 
they have already exerted upon one another all th(* acti<m of which they are 
capable. The oil and the alcoholic mixture which 1 used are now inert with 
regard to one another, because, having been employed a great number of times* 
they have had time to exercise the whole of their mutual action. Besides, it is 
easy, in a short time, to bring the two liquids to that state of relative nen- 
trnlity, by a^ritating them together in order to divide the oil, and thus to 
flncr derate the action, then separating them by a i^nit d)le' ])roeesrf. This opera- 
tion requires some precautions, which we shall examme in § 24, in order nut to 
interrupt the course of the memoir by details which are not now indispensable. 
In all that follows we shall always suppose that two liquids thus prepared are 
employed. 

7. Another cause di^turbf the equilibrium between the ppbere of oil and the 
ambient liquid. This is the variations of teinpt rature, Avhicli alter the e<|U ility 
of the two densities ; and the degree of seni^ibility of }*uch a system ii» ihis re- 
spect would hardly be conceived. For example, when the vessel is carried 
into a room a little warmer or colder than that in which it had been before, the 
sphere soon falls in the first cane and rises in the d. On the mere appli- 
cation of tho hands to the outside of the vessel, it will bo seen, after a few sec- 
onds, that the sphere beginti to fall. 

We must be continually on our guard against these effects of temperature ; 
oihervise» they disturb the experiments* The following is a recent instance 

■ 
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which occurred to mc. The oil and the alcoholic liquor were cnclo(>ed in dif* 

fprcTit flii.^^ks, find the latter contained a very j^liirlit cxccsb uf alcohol. IT ivin^, 
by chance, carried tho^e two flaskf into a room w.unirr ihan tliat in whit h tli« y 
had been, X first introduced into the mixture a certain quantity of oil, which, by 
reason of the alight ezeeaa of alcohol» defloended slowlj to the bottom of m 
flask. A short time afterwards I poured in another quantity of oil, and I was 
surprised to see this, on the contrary, rise towards the upper part of the mix- 
ture. Tl>f reason of til" singular difference waf thif: llic nleoholic mixture 
inclosed in one of ihe ila>ks was very ccmsiderable in quantity relatively to the 
oil which the other contained. !Now, at the first moment the liquidt>, not 
having sensiblj changed their temprntttare* maintained between them the same 
relation of density; but after a ehort time the oil, by reason of its small volume, 
having become warmer than the alcnliolic mixture, hnd thus heef>me r«*l,\tivr!y 
ligiih r. Tho warmth of the hand whicii lu Id the iiiu«k iu pouring out tho oil 
mu^st have also contributed to the eil'ect iu uuesition. 

8. Now let us suppose a fine sphere of oil in permanent equilibrium in the 
anrrounding liquid* and let us endeavor to submit it to other forces than its 
own attmction8. 

Tho ^yH idea which presents itself i? to try the action of cemiiriii,Ml ii.rce. 
For tiii» purpose it is necessary to impress on the sphere of oil a movement of 
rotation around one of its diameters, and which is effeeted by introducing into 
this sphere a small metallic dise* which is made to turn upon itself by meaas 
of an axis which traverses it perpendicularly. U his disc carries the oil with h 
by its adherence, and the whole mass* of this lirjuid taki a movement t)f rotation. 

Beforc ( Xplaininjr the cftVota which rt snh tV«an ihis nioMinent. 1 flinll df^ciibe 
in deUiil the apparatus 1 have employed — an app iratu-> by thu aid uf which all 
the experimmts succeeded perfectly and with the greatest fiwility. It is lep- 
mented in fig* 1. 









\ 




b 





The vessel is with plane sides, formed of rectangular plates of g1as« t in 
an iron frame ; the sides are each 25 centimetres br ad and 20 high. Tho 
pmal! di?c and its axis are also of iron, a metal whose prolonged contact with 
oil doert not slain it as copper does. The diameter of the disc is about 3.'> milli- 
metres, and the axis is formed of an iron wire about 1^ millimetre thick. This 
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axis is fixed bj its lower crul into a hole pierced in the middle of the j»lntc of 
glass vhich fonns the bottom of the Tossel. This hole is closed below by a 
small plate of iron coinentcd to the glass. The iipper end of the axi:^ b M-rcwed 
to a larger wire, which forms the prolongation of it, and which, held with a 
tnodrrate degree of friction, \f) frnffmimt dr/ux,] in apiece of which 1 vlinll =|ieak 
lirreaftcT. rcccivcfi at its other txtr< niity the handle by means of which ilM cligc 
iji turiu'd. "When the whole system is in phice the disc ought to he half way 
np the vcspel. The square plate of glass which closes the vessel above is 
pieced with two o])enings, each furnished with an iron ih c k, which is closed 
with a stopper of the same metal. One of these openings m in the middle of 
the plate, and its diameter is fio millimetres. It i? throui:li the stopper which 
clnap« it that tlio rod pas^t <, a frotte^ncvt dovx, wiiich rect iver^ (>ii tli'- <>ne nido 
ihe axiti ot the dii»c, and on the other the handle. (See iigure 2.) The other 




• 



opening is smaller, and is placed near one of the an^rles of tlie j)l;\to. It porvei* 
for introducing into the veBr*el cither the metiillic wire, by the aid t>f which we 
unite the partial nia:'ses of oUtOr additional portions of alcohol, or of mixture at 
another degree, (§ 9,) &c.> when these operations are to be performed without 
removing the disc from its place. Lastly, this same plate is cemented into an 
iron frame, which is turned up all round, so as to fit npnn a vessel as a lid upon 
a box. 'I'he upper edges of the vessel have been ground witli emery all to- 
gether, alter their being placed in the trame, eo that th6 upper plate of glass fits 
exactly upon them; and by rubbing these edges and the metallic stoppers with 
a little oil, the vesscK when the plate and stoppers have been placed, may he 
considered as perfectly closed ana keeping the mixture without evaporation of 
alcohol. 

• In my apparatus the plates of plasj? are fixed to the metallic framing by a 
rei*inous cement, and this is slightly atlacked by the alcoholic mixture. It 
would perhaps be better to use some glazier's putty ; for the alcoholic mixture, 
being pre pared so as not to act any more upon the oil. (§§ 6 and 24,) this latter 
cement would probably not suffer any alteration. However, the ri sIik ii:' mastic 
resists to such a degree, that I have been able to leave the alcoholic liquor, 
without inconvenience, in the veHt»el for whole months. 

The apparatus which I have ju!*t 4lef;ciiLed it> the best suited lor obtaining, 
in all tlieir beauty, the phenomena, which are the objects of these exncrimenta; 
but, as I have said above, a hollow sphere of glass of pretty large aimensiona 
might be used with less co<t. and without too much disadvantage, at least for 
the experiments treated of in this part of the memoir. This ought to be fnr- 
nished with two tubular rtpcnin^r!. oTie of wliich would serve for introducing the 
?^y«t< ni ui' the disc, and the other would efiect the same object as the iiecoud 
opening of which wc have spoken above. 

1 shall, however, in what foUows, suppose all along that the plane-sided ves- 
sel above described is the one employed. 
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9. The apparatus being properly arranged, the next thing is to operate bo as 
to catue a sphere of oU to surround the disc in such manner that their two 

centres arc gcnsibly coincident. To attain thii=i point, let us first endeavor, be- 
fore introducing' the disc into tlie vo?«jp1. to bring the centre of the ?«phere to 
romnin at the height at which that of the di.-ic j^lmtild be. It would he i.xlrvmalj 
ditUcult to accomplish thi^ by KU^pendiug a t«phcre iu a Louiogeueoud aicobolie 
mixtnte, as we have hitherto snpposed ; for then there is no reason why the 
sphere should not .-{.nid lii^dier or lower; and, if even by chance it were placid 
exactly at the desired height, the movements which would be produced on in- 
troducing the disc would very probably chrtnp* thi-J In i^hl. It is, therefore, 
necessary to employ a more sure process, and the loUuwing succeeded |)erfecily. 
We begin by caasiug the alcoholic mixture to contain a small excess of ulcohuL 
Tfaen» the vessel being fiimished with its lid, and the atopper which closes the 
central opening being lifted up, the mixture is introduced by this opening in 
Buch quantity tlrir tlio vi s>cl 1u> not cf>mpb'tr'ly filli-d. A cortain qunntity of 
a mixture, let^s charged with alc^liol, ;ui(l marking only 16^ on the arcumeter 
of lieaume, is then cautiously added. Thi», from its excess of density, falls to 
the bottom of the vessel, where it spreads itself in a horizontal layer. The cil 
is then introduced, which, by reason of the small excess of alcohol contained in 
the upper mixture, descends through the latter till it rests upon tin denser layer 
• of the lower i^ixture. either in a sinfrle mass or in several partial raasst j< (§ 4.) 
Thi:< being so, we unite, if the case ret^uires it, the isolated spheres iuiu a sin- 
gle one ; th%n we stir the liquor cantiouslj Vith a glass rod, so as to mix* im- 
perfectlj the layer at the bottom with the higher layers, but without dividing 
the mass of oil, and the system is th&a left to re.^t. It will bo seen that there 
must hence re«nlt in the alcoholic liquor a state of density intreasing from the 
upper layers of less density to the lower of greater den^'ity than that of the 
oU ; and that, in consequence, the ma^rt of oil iviii necessarily remain iu stable 
equilibrium with respect to the vertical direction, in a certain layer whose mean 
density is equal to its own. Now, in performing the operation with the neceso 
sary precautions — that is to say by stirring the liquid only a very little, then 
loaviug it to rest to observe the effect which results, n^ain siirrinij:; it and leaving 
it to rest, and so on ; lastly adding, if necessary, a t^mall portion of mixture at 
IQ^, or of pure alcohol, according to circumstances^we easily succeed in causing 
the mass ot oil to remain exactly at the desired height, and, as wc have seen, 
without tendency to a change of position in the vertical direction.* In geome- 
tricnl pf rictne?.-^, truly, this mass of oil cannot then Im' any lonq^er pertVc tly 
spin rical; it must be flattened a little in the vertical direcliou ; but, if we have 
operated so that the increase of the dent*ities is very feeble at the height at 
which tike oil stands— and we easily obtain that resnlt by suitable trials— tlte 
flattening iu question is completely Insensible to the eye, and the masa appears 
exactly spherical. ^ 

For the experiments which w<- liave to de?rribe, the most convenient diameter 
to give to the sphere of oil is about 6 centimetres. We easily accomplish this 
by first fornung a loss sphere, and adding^ successively fresh portions of oil, 
which we unite* with the first. 

The next thing is to place the disc. This being attached by its axis to the 
rod which pa^'o? throngli the metallic stopper, (§ 8.) we bejrin by oiling- it as 
well as the axis, then iiiLroduce it slowly into the alcoholic liquid, ami eau^'e it 
to penetrate by its edge into the sphere of oil. As the disc has previously 
been oiled, the sphere envelopes it without difficulty, and, what is remarkable, 



• Tlio different lifiniJ Ijivers f!ms Buncr])osed teud of themselvts, it Is true, to mix ; but, as 
they aro placed in the order of their aenaities, this spontauoous mixturo proceeds oulr with 
extrame •lowneas, and it xequiiw a great mmay days for the liquor to become homogeoeoiif. 
No incoaveoieiioe thcnfoie leiults from this Hot the expedmeats 
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gradually of it^flf as.sumes sucli a position that the axis of the disc traverses it 
diametrically. Thii* effect id evidently owing: to the attractive fiction of thia 
axid, or rather of the coating of oil with which it ha;* Ik m ii nn>i>t< m d — au 
action which teuda to operate in a aymmetrical maimer all arouuJ it, and thus 
brings the entire sphere of oil into a position symmetrical with respect to this 
same axis. Now it will be ni rn tliat the centre of tho sphere tending, on. the 
one hand, to remain at the heiglit of that of the disc, on account of the super- 
position of tho alcohfilic layers of nnequal drnpity, and, on tho other hand, to 
place itself in th»^ axib of the disc, on account of the ^yinmelry of the 
attractive actiouij exerted by the latter upon the oil, the ceiiuv of the sphere 
and that of the disc will coincide, and will thus remain in a fixed position. 
Only the sphere will then be slightly elongated in the vertical dir»^ction by the 
attraction of the axis of the disc ; but this elongation is very trifling iif the 
sphere present, as we have suppo?»« d, a diameter of (3 centimetre-'. 

10. The sphere of oil being thus suitiibly plac» »l, wc slowly turn the handle. 
We then prcdt'Utly see the sphere Jlatlcn at its poles and swell out at its apmtory 
and we thus realize on a small scale an effect which is admitted to have taken 
place In the planets. 

However, although the results may b<? of the same nature in the case of the 
great plain trjry masses and in that of our little mai^rse?^ of oil, T must not omit 
to remark here that there is au essential difference between tlie ruiLt j? which are 
in play iu the two casea. In the first, the force which tends to give to tlu great 
planetary mass a spherical figure* and against which the centrifugal force acts, 
IB universal attraction ; in the second, tho force which acts the safiie part with 
regard to the small mass of oil, is moI(!Cular attraction, which is subject to 
different laws. But a-, on eithfr hand, the aggregate of the actions rednccs 
itself to a contosi bclun u ci iiuilugal force and another force tending to pre- 
serve the spherical form of the liquid mai*d, it appears that the results must be 
analogous, if not identical, with respect to the figure which that mass assumes. 

[This, we do not thiuk,/is quite correct. The forces which produce theequi- 
librium of the ring arc as follows : First. The centrifugal force which tends 
to throw th6 atoms from the centre of motion. Second. The force developed 
the external and internal horizontal curvatures, the direction of which is to- 
wards the cenn-e. Third. The force developed by tli<^ external and infernal 
<frertical curvatures, one of which acts towards the centre, and tlu; other from 
the centre. The roundness of the ring is caused by the combined action of the 
external and internal curvatures, which, under po circumstances of velocity of 
station, would produce a flattened ring— J. H.] 

In order to observe, in all its beauty, the phenomenon on which we are en- 
gaged, tho handle must, at first, bo turned with very little \ • L k ity — a turn in 
£ve or six seconds. The effects are even then very d(!cided. If we ailer- 
jraj ls .'ipplya somewhat greater velocity — for exam|de. a turn in four serond« — 
the llalicuiag at the axis, and the swelling at the < (|ii:itor, are seen lo lie more 
considerable, and they are further Augmented by incieasiug the velocity of the 
)iandlo to one turn in three seconds. Before proceeding further wc may remark 
that, in the.^e experiments, tho handle must not be turned too long, for the mass 
of oil which, in the first moments, presents exactly a figure of revolution, 
eventually loses this form. At each f resit trial, tliereforo, tin; system must be 
IctL to repose. Tlie oil then resumes its spherical form, and slowly, of it.^elf, 
replaces itseli In the proper position. The change of torm which suiMa vencs 
-when too many turns are given to tho disc occasions results of a particular kind, 
and which are not without interest. I shall speak of them by-and-by, (§ 22.) 

11. Now, if instead of moving the handle slowly a conBiderable veloci^ is 
given to it, as two or three turns iu a second, new, and veiy curious, phe- 
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DomoM are manifeeted. The liquid sphere first 'takes rapidly its maximum 

of flattening, then becomes hollow above and below 
around the axis of rotation, Btretching out continually 
in a horizontal direction, and, finally abiUuloniii'„' the 
di.^c, is tranxjomied into a ^crJ'ccUy regular ring, 
3.) 

This rinn^ is rounded transversely, and appeurs to have 

a circle for it^^ generatrix. At tlic moment of its form- 
ation its diameter inercasos rapidly uj» to a certain limit; 
when thU Ib reached the movement of the disc must be 
Stopped. The ring now remains for some seconds in 
the same state, loen, the resistance of the ambient 
liquid weakening its movement of rotation, it returns upon itself and changes 
back into a sphere around the disc and its axis. 

The velocity of the handle most suitable for producing a beautiful ring, i& 
about three turns per second. The ring thus obtained hats a mean diameter of 
9 to 10 centimetres. 

12. When, at the instant of tlic formation of the ring, the mass of oil which 
oonfititutcs it separates from llie disc, a singular cin unistanee is obrcrvable ; the 
ring remains united to tiie disc by an extremely iliin p( iliele **r film of oil, 
which lilla all the s^jace between them. Uut at the inslaul that, the ring having 
rtttebed its greatest extent, we stop the motion of the disc, this pellicle breaks 
and disappears of itself, and the ring then remains perfectly isolated. 

It may be conceived that this pellicle is not a circum?^tance essential to the 
phenomenon of the formation of the ring ; and we sball see. in another part of 
these experiments, that it is probably connected with an order of facts wholly 
different. 

13. The heavens exhibit to us also a body of a form analogous to our liquid 
ring. I allude to Saturn's ring. That, indeed, is flattened, whilst the trans- 
verso contour of oui-s appears altogether round ; but X do not think that this dif- 

ferencf is so great as it appears at first. 

In fact, the centrifugjil force, which goes on increasing from the inner cir- 
cumference of the ring of oil up to its outer circumference, necessarily tends 
to stretch this ring in Uie direction of its breadth, or, in other words, to flatten it 

But the flattening must be of very small amount; for, on account of the in- 
considerable dimensions (»f the ring, and llie slowness of its angular movement, 
the kind ot traction which results from the variation of centrifugal force mo^t 
he very trifling in comparison with the forces developed by molecular attiae* 
tion: 

14. It appears to me, then, that wc may reasonably admit that our ring of 
oil is m reality slightly liattened. atid that in consorjuence it only ditVers from 
that of Saturn, with regard to general form, in the less ijuantity <»f flattening* 
lint further, in the systt m of baturu, the flattening of the ring is in part deter- 
mined by the attraction of the central jdanet. Now, at the firBt moment of 
tlie formation of the ring of oil, the latter is submitted to a particular f •!(«■. 
which ]»lays a j>art analogous to that of the above attraction. In fact, ibis 
attraction acts with the gnalest intensify at the inner circuinferenee of Saturn's 
ring, and thence decreases rapidly in the rest of this body. Now, at the first 
moment of the formation of the ring of oil. we have seen (§ \2) that the latter 
remains united to the disc by a thin fifan of the same liquid, and we may con* 
Tince ourselvis that this film exerts, on the inner circumference of the ring, 
a consifhaable force of traction. In fact, if we stop tlie uvn-rinent of the di.-c 
a little too soon, that is to say a little before the ring has reached its maximum 



* I leave out of the quesUon ben» the snbdiviBion of tbe ring of Satnm. This snbdiririoa, 
«s ta known, ii not cmontially connected with the conditions of cqoUibriom of the ring. . 
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of diameter* tbe fi!m of oil does not break, and ilie ring then retams apoa 

iteelf (§ 11) with a much greater rapidity than when the film of oil is brokeni 
and the ring remains isolated. The traction wliich the film of oil exerts on tlin 
inner eircumferencn of the ring ought tlu iiuforc to produco an effect analof^ous 
to that of the attraction of Saturn, that is to eny, contribute to increase the 
flattening. Well, tlie ring of oil before tbe ruptiure of the film presents a very 
marked tiattening. In order to obtain it perfect ly* care must be taken that the 
aphnc be well centred in i-elation to the di:*c, before beginning the experiment; 
and it U u.-cful to turn the handle witli a vi locit}- pomowliat It ^s than that 
indicated at § 11 ; the rao«»t ssnitahlr \ i l.)t;ity ha.-< ,i|)it( :ii cd to me to be about two 
turuH in a Becoud. As soon us [hv lilm of oil breaks the flattening disappears, 
and the generatrix of the ring becomes, as we have seen, sensibly circular.* 

15. Geometricians, who liave investigated theligureof equiltbrtum of a liquid 
mass in rot^ition, have only regarded tbe ease in which the attraction which 
counteract- the crtitrifiigal force is that of universal gravitation, and tliey have 
demonstrated that ( lliiJtieal fip:urf.s in lhal c.i ho *featisfy this cqnilihrinm. Arc 
wc thence to conclude tiiat the auuuiai lurni developed by the rotation of .our 
mass of oil results from tbe different law which governs moleenlar attnietion* 
(§ 10.) and that, in the instance of the heavenly bodies, the figure of an iso- 
lated ring could not he produced by the sole combinntion of centrifugal force and 
of the mntii il nttractions of tlie different parts of the mns>< ? 1 am not nf that 
ojnuion, and J think it, on thr contrary, very jn'ohahh- that il" calcul ifion could 
approach the general solution of this gi'cat problem, and lead directly to the 
determination of all the possible figures of equilibrium, the annular figure 
Vould be inchuh'd among them. This genei'al and direct solution presenting 
very great difficulties, geometricians have contented themselves with trying 
whether ( l!i|)!ical fijrurcs could satisfy the equilibrium, and with proving that 
they in fact dosaii-ty it ; hut they leave the (jiu >tion in douht. wliether other 
figures would not lullil the bume condiliuus. lu truth, M. Liouvilie, in his 
last researches on this Bubject,t appears at first view to have nearly solved 
the question, by introducing the consideration of the stability of the figure ctf 
eqniiibrium, and showing that for each value of the moment of rotation, or, in 
otner word?, for any initial mnvenK nt, whatever, of the ma??, there is always 
an elliptical tiguie, cither of revolution or of three tmequol axes, according to 



* I had thought that it would be potuiiUe to obtain riagg ii$olatod and flprcatly flattened bj 
oporatin^r npon Inrprcr masses of oil, for then, the rin^ havtn«*^ n larger vorame, the influence 
01 the uiolcculav jittraction should bo loss. lUit I liavo t'eun*! ili.it, in operating on lar^i 
m&siso.H, it \\ OH uecetMtary, in ordor to obtain Uie ring in a regular manner, to employ a mort 
fo«blo v( lociiy of rotation, so that, if tbo influence of the roofocQlarattmetion whs diminished, 
that of i; * ' ' irifugul I'orco was so equally. Tlie llatteuiug, then, 'Tul imt In (•• rue moro seusi- 
ble*, or, it'l Uuvo sometiaica imagiueil that 1 oUscrvcd any, J have not been uble to i-cprodaco 
it at will. I have operated thus ou Bphores which were, succeishrely, about 10, 1 1, 12, and 
14 ct'niimc'tre.s in diauiftor, with discs of a 1. m i (or of Ironi tevrri to nine ccnfinictrcii, and in 
a vcs-sui with plaao aurfaces, having u buttou] So ccutimotrcs square, and a depth «f -^t eculi* 
metres. The effecte. however, thos obtained mt* very beantifnl. Tbo rinpi are majrnificont; 
prtscut a coiiN'.diMril'If diani. f* r. and reniaiu soiM ... i s for <Mght to ten -i ( (in ls Ij* luri- k turn- 
ing ou thoui'Miives. With a spbcie of tea centimctro* diameter, a disc of sovcn, aud a velocity 
a mtlc losM tban one torn of the disc per second, we obtain, in a very beantifnl and very 
iDHilit'd iimmior, tbo flatleninf; re-suUinj^ from tbe traetion cf tlie film of oil. 

Tberie cx|>enu!eutit, however, are iucuuveniuot and diHicult, on accoimi of the large dimen- 
rions of the vessel, and the great qaantit j of alcoholic liquid neoesiary to fill it. 

It ni;iv Ik* iniiicc:' . moreover, why a larger mass of oil require^ n Ir?-? vrlnrily of rotnf'on 
to produce a it-gular riuff. Il is prcci.sely because tbo moleculnr attractiuu has Icsa influence; 
whenec, it riNittits that, u wc attempt to employ tbo same velocitv of rotation which would 
gi\ ( il bt autiful ring with a leaa qoantity of oil, the mass diannitea, and ia Mattered into 
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. memoir of M . Liouvilie waa communicated to the Academy of Sciences in the sitting 

of till I ... b of Febmaiy in this year. An anaiyaia of it may be loand in the Journal 
stUutf Ho. 477. 
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ibe>eireiimstaneefl, which constitiites a form of stable eqmlihriiim. It appean» 
in effect, natural to admit that, for a given diflturbance of a liquid maM, there la 

but one singlf flu il state ;i(liiii.-.sil)Ir ; and, in this case, this .'-tate must necr=!?a- 
rily po^s?o«s stability, liuwcvcr, 1 (Jo not dopin the conclusion w Inch m t y he 
drawn irom these results so general as it appears at lirst sight. Wiujuul tloubt, 
for a primitive disturbance given, there is only one final state possible, and that 
state most he stable. But the eondition of stability of a found figure of equi- 
librium does not itccessarily involve the consequence that this figure will con 
Btitnte the final .-tate in qucption. fur it may hnppcn that fcv< r.il figure of equi- 
librium, coiTCspuuding to ibu ^ama primitive disturbance, might equ illy possess 
stability, and that the choice of the mass for cue of these fi^tu-es may have beeu 
determmed by other circumBtanees ; for example, by the modifications which 
its movement experiences in the first moments of rotation. In facti it is by 
examining these modifications, to which the attention of geometricians has not 
been directed, that! shall attempt to arrive at the mode of generation of annular 
figures. 

10. When the moss begins to revolve upon itself, the angular velocity of the 
portions remote from the axis, which are carried off by their centtiAigal force, 
necessarily goes on diminishmg. This diminution is especially a|»parent on 
the equator of the maps, and it is the more considerable iu proportion as the 
initial movement «>1' jutation was more rapid. It thence result^ tli it.in the first 
iusiunts oi ii Hutiiciently rapid lot.itiou, liiere w ill be a great ditieriiu *- ut angular 
velocity between the portions which ore near the axis and those which are ucar 
the equator. Nevertheless, if we admit for a moment that, in virtue of the 
adherence of the liquid for itself, and of the firictton of its several parts, the 
portions which turn most rapidly communicate by degrees a part of their ve- 
locity to tho otiierr*. fo that in the end the result is a mean angular velocity, 
correBpoadiii;^ t-) the same momi nt of rotation, and etjual iu all the points of the 
mass, ihia may take an ellipsoidal figure, liul long before the feeble forces, of 
which we have just spoken, can bring about this mean zesnlt, another order of 
ph( II uicna would be manifested, which may impede the development of the 
elliptical figure and give rise to an annular form. 

In fact, it follows nrco?:^anly from the preceding consi<loratiDns that, in tb6 
fir?t infttuiitri of a rolati()ii siuificiently rapid, tho centrifugal force at the equatof 
of ihc mass will be mucli less tliaa ihut wliich would correspond to the abovt> 
mean velocity ; and tbat, on the other hand, the centrifvigal force of the portiooff 
near the axis will be by iniudi superior to that which would correspond to the 
same mean velocity. The liquid next the axis will, ihorefore, be driven towards 
the liquid of the equator, whrncf^ tfiere will necessarily result tho formation of 
a DorL of circular cushion, ^6oi^/vt/t/,^ more or kos marked. In other word^, 
the mass will soon become hollow in the middle, and will swell out all around. 
Now as soon as this phenomenon takes pkice, it will he conceived that the i^ 
traction exerted by this bourre/ct on the liquid remaining around the axis musl 
, be an addition lo the action of the centrifugal force, ana contribute to incrcaat 
the volume of the ho(irr((v( at the expense of the central liquid. H^nico, thcro 
fore, it may evidently ru»ulL th.it all the liquid will leave the axis for the bour^ 
rclc/, and the latter become in a manner a veritable ring. 

This generation of the annular figures would therefore be independent of 
the law which the attraction follows, and would be, in consequence, the sainB 
iu the case of universal attraction and in that nf mnlrculnr attraction. 

IT. It 1.-5 rap}' to verily thic niiule of ;:-<Mi('rali<in upon onr m:\^9 of oil. or at 
Icaijt lu a^.^uie uurselves that during the formalioa of the bourrelct and of the 
ring, the angular velocity is utuch less at the equator of tho mass than towards 
the axis. For this purpose I shall first point out tbat when a certain number 
of experiments have been perfoimed upo'i the same mass of oil, and this boa 
been several times disunitea and reformed into a single sphere and into a rin|^ 
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it always bolds within it a moltitude of small bubbles of alcoholic liquor, which 
borne along hy the oil that BnnronndB them, render the movements oi the differ- 
ent points of the mass perfectly observable. Now, if the experimentH which 
we have de?rribed be repcati d with tlio aid of a sphere of oil thun filled with 
alcoholic bubbles, the tbiiowing results are observed. 80 kjiij; as we jrive to 
the disc such slight velocities only aa are sufficient to produce a simple ilaiten- 
lug, there is not a great difference of angular velocity between the portions 
next to the axis and the portions ad|otning the equator; bnt this difference 
becomes very considerable when the &e tnms more rapi^y, and the hourrdet 
and the riiis: are developed. 

"VVc may tliu.-i prove, by means of the nraall alcoholic bubldc.-*, that the ineau 
angular velocity is established in the ring once torraed, and that all the points 
of the latter perform their revolutions in the same time. 

Furthermore, in our experiments upon the masses of oil, there are two foreign 
forces which act, in addition to the causes which we have noticed, to fjeicilitiito 
tho development of the hourrrlct and of the rin;^. Cm; i.^ the ri -i.stanro of the 
aiuliicnt liquid, which coniributes to weaken th<' anmilar Vfiocity ol' ilie equa- 
tor of the ma,ss ; the otiier is the auction of the hand which keeps up the motion 
of rotation of the disc, and consequently hinders the central portions of the 
mass from participatitig gradually in the slackening of the equatorial portions. 
But that which is produced by these two foreign fbrces would be equally pro* 
ducf'd by a greater initial vi locity of rotation if we could annul them. 

lb. When, by the aid of a moderate; vt loc ity of the disc, we limit ourselves 
to producing the tiatteniug of the mass, the two foreign forces of which we have 
just spoken necessarily hinder the latter from attaining an angular velocity 
equal in all its points, even though we keep turning the disc The result iS| 
Umt the mass cannot take exactly the figure which would correspond to that 
equality of aiip:nlar velocity. That which it adopts if fi figure nf rovolntinn; 
but oil plae iu*^ the eye at the hri^dit of the centre of the mass, it is easily n '-ocr- 
nized lhait it is not an ellipsoid. The curvature at the equator is too small, 
and this is the more evident in proportion as the flattening is more consider^ 
able. 

Now, is this difference between the figure tiias produced and that which would 
corrofpond to the case of universal gravitation solely the result of the action of 
the two foreign forces in question, or is it in part caused by the diilVri nee of the 
laws which the two kinds of attraction follow ? In other wordt*, it' we could 
eliminate or render insensible the differences of angular velocity of the several 
parts of the mass of oil, would the fi|;ure produced be an ( llipsoid or notf Now, 
we should render these differences of. angular velocity insensible if we could 
impress a movement of rotation on a mags of oil suspended in an isolated man- 
ner, without interior system, in the alcoholic liquid, and then leave it to itself. 
In this case the resistance of the amljient liquid would be exercised, indeed, 
on the exterior of the mass ; but nothing maintaining the constancy of velocity 
•of the central parts, these, by virtue of the strong self-adherenco of the oil, 
would participate eventually in the slackening of the exterior portions, and wo 
might consider the mass as havin|f each instant an angular velocity equal 
throii<:^bout. 

Now, it is very easy to realize the above by availing ourselves of the fact 
that, when the ring of ofl is formed, it returns, aner some time, upon itself, (§11) 
At the instant when the ring is well developed, and when we have just stopped 
the disc, we lift the latter cautiously by means of the metallic ptopper which 
. bears its axis. Then the mass of oil, which ia again formed by tho return of 
the ritif^ upon itself, continues still to revolve for some time, completely isolated 
the ambient liquid. Its figure is then, as well as the eye can judge of it, a 
perfect ellipsoid of revolntioiii which gradually approximates to a sphere in 
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proportion u tlie rotatoiy motioa beeoiDeB weaker.* Thus, tke differenee ef 
the law^ which govern the two sorts of attraction appeara not to inflnenee Uia 

nature of till' fip^nro tnkrn Ly the masp thfit turns ujwn itself. 

19. A ll'juid mass can ouly aH^^nme and preserrc an annular form under the 
inliut-nci; of a eufficieut cc'nuifu<5al force. Thus*, as we liave seen, when ihe 
resifltanco of the alcoholic liqaid haa diminished below a certain limit thordocitj 
of r 1 1 : ion of the ring of oil, the latter* obeying the preponderating action of im 
moh'cular attraction, returns upon itself, loses its annular form, and reconstituiea 
itself into nn mtiro ma??. firf»t ellipnoidttl and then spherical. liut if, hy a 
method winch 1 ishall de;?cnbe, wc prtvcnt the ring from agglomerating thas, 
and t'till leave the action of its centrifugal force to diminish, we th«ft witness 
the appearance of other phenomena well meriting interest. In order to prodnos 
them perfectly, in placo of the disc of 35 millimetres, a disc of about 5 centime 



* I had expected to be nbln to obtain a revolving Isolnted masd by moans of unotherprocM^ 
Tin : hy f'oniiiii^ a hpbt-io of oil hi the middle of a ejiinJrical tla.sk so arrangt d to b« aUa 
to tant upon ii8 axU; thou enasiiig this tla.Mk thus to turn with rapidity, iiniilull the liqaid 
within, alcoholic mixtoro and tna6« of oil, had tokoo the same moUoa; then saddenhr auip- 
ping the flatk. In effect, ft Beems that then the alcofaoNc liqtior bein^ the fint t« ichm m 
rctainrv iijot!' n \<y tln' i';ii t"i>ii nir^inst the statiojiai y »>i'l«'- of tin- f!:l^l^, a nnuiK :it umit 
occur when tho moss of oil xuaintaius an excess of augular relocitj aver the umbicut liquid, 
and that then the eflbcts of centtiAupil fofoe upon that inaM maj manifeat themselves. Bat 
tho experimeuf trivi s d u n sults. Pirsl, it is extreuiely difficult to kfoj) a n a > vf oil in the 
middib of the tikxak. \Ve keep it tolorubly in tho axii» of the latter, because, it wa have kmo* 
eeodcd in placing it so that its centre is IWtle removed from that axis, the rotation of the aoh- 
btfiit linin l hrinps it thrrr, nnfl lf:rn rptaiiis it there vrn- well. I>iit it in not the "^.Tmr^ in tht> 
diieetiuu ut the height ot tiiotia.sk. It u hnuiogcueuUM utcohoiic mixture be einpiuyofJ, aod 
tho sphere of oil is placed, beture tumtni; the tlu.>^k, a little higher or lower than the luidJIaof 
tho height of the latter, it quit*; its place when tin- tl i^k turns to nsrr icI. in tin' first cft^e, or 
to (k'sceiul, in tho 80Con«l, uut ,1 it rouies to be disin-rsed against ono of the two basses of the 
flask. Thi.s etTect is Httributnlilr, 1 think, to tho ftict that the two bases exercising upon tbt 
• sections of liquid which touch \hem a uiotivo action much greater than that to \rhicb the 
parallel sections of the interior of the miv.->s are subjected, theio ensues near these Uu^^e^, at 
the comiiiencenient of tho rotation, an excess of ceuirifagal force which determine.s u ten- 
dency upwards and downwards of tho liquid near tho axis. It is therafore seoeMaiy to en- 
deavor to place the sphere of oil in a po^^kion very near to the middle of the height of the 
vessel. L nfortuuately we cannot uso for thi.s pui iJ 'SL' tho process of superposition of the al- 
cohoUc layers of tmoqual density, ;) for thuu, in the rotation of the tlask, the denser in* 
llsrior lavcni come noccAsarily, by the excefls of centrifhgat force trhich reaulti from their ck> 
CC>'^ <if tl( ;!'-ily, til ii;,MiiHt thcsidt s, cMitsiii!,' the lf>,s dciix- lifjui'l tn occtij'V tlir axl- ; and 
in this uoveuieat tho moss of oil is drawn dowuwards, and is ahso dispersed u]»ou tho botioai 
of the vessel. 

By employing a homogeneous alcoholic mixture and a splu re of oH of only about tbn* 
centiuK tre.s diiuncter, I however HUcct:4>dcd beveral times, bv dint of patience, in giving to 
this hphcrc a sutticiently exact position in the flask to be able to keep it at the Mime height 
until it it- lftakin ti c ]fttriff»ry movciiiriit of the %vboIe system. Jbit then, when I 
Stopped ilie tla.'.k, a violent intenul ii;; tuUoii was* pURlut ed, which almost always di-jn rscd 
the oil in inoiuuorable sphmUea throughout the alcoholic liquid, or at least dustroyied its form 
in a couiplct<'ly irregular mantier. I attribute these eff< > to thn following onus*. Wheo 
tho Hawk is Htopped, the portions of tho alcoholic liquid wliu li loucb iho sides and bases, ]o^ing 
first their centntugal force, tho more internal portions, which still retain theirs, make their 
nay thiuugU theuu dividing theui, and this confusion is koou propagate*] to the axis, when 
it gives rise cither to the di.spersion or to the irregular di,«figuring of the mass of oil. 

lu the aiHcs in which 1 have Ixm'IX able to give a suituhte po.sition to the sphere of oil, I 
have observed a carious cd'ect; namely, that in the tint instance of the rotation of tlie veseel 
the mam of oil quits the spherical form, and becomes elongated in the direction of the aids 
ot" relation. This r!nii;:;^a;ii':i I> i .isy explained : tho movement of n't. ilion Is c.iiuiiiuDicated 
to thp uortions of tho mixturo which are nearest the axis above and below tho uuu>s of oil, 
before ueing able to commiinicate itself with the same intensity to the lattw : heaco, in the 
difl'i n nf p(.ints of this mass, tli. ic muHt result a less rcntri!ni:rnl fnrce than in the poiufs of 
the alcoholic mixturo situated at tho same dislanoes from the axis of rotation, Theocv a rush 
of tlie oil to the axis, and an elongation of the mass of tho latter In thd dliectiott of this sane 
axis. Hut, on continuing the rotation, the oil comes to rcorlvo tho same movMaent as the 
^ surrounding liquid, and it also resumes gradually the spherical form- 
On stopping the 6a.sk, not suddenly, but in a ralhor rapid manner, I succeeded oacc ia 
aaining a result sutficiouily rc^rulur, and 1 ol)sorvt d. a.s leqiectod, thq sphere beeooe flal^ 
Iked oonaidorably in tho dtrectioa ot the axis of it^tation. • 
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ties waa sulMrtitated*, which rtnden ii«eeaaaiy, in order to fomi the ring well, 
alcro Tclocitj of rotation thau with the preceding disc, (the moi^t enitablc ap- 
pears to me to be a little le»s thau two turns in a second.) Now. inutead of 

stojipinp: thr moYomcnt of the disc at tlio instant Avhcn the ring has attained its 
pn iir~t \ cl.nimeut, ^e luu.-t cuutinue to move the liandle. The film of oil 
will liii u b:cak in a little time, as if the disc had been stopped; but, the latter 
continuing to revolve in the alcoholic liquor, the portions of that liquor which 
are in contact with it wjU themaelvos ansumc a rotatory movement, ninl the 
centrifup^ai force which results from it will drive tlKm conlinually towards the 
r'm^, tl) It t!io InttfT will not be nlili' to return n[)o;i itself. Now, m these 
circuiusianct.s, we soon ^eo ihe ring lose regularity, then divide into j^evernl 
i^jolated masdes, cadi of which immcdia,tcly takes the spherical form. Thus thd 
ring, when it cannot proeerve its figure on account of the decrease of its ccn* 
trifugal force, and an obstael)- i>r< \ ents its reforming itself into a single sphere, 
resolved itself into several it*(iliit" d .-phrre?. As 80on as the separation begins 
to tike j)l.ic< , if\r movement ei iIk- «lirfc must i)e stopjxid. 

■Thirt id nt;t all ; one or more of these spheres are then alinot^t alway.-j seen 
to as.-3umc, at the instant of their formation, a movement of rotation upon them- 
selves-^ movement which constantly takes place in the same direction as that 
of tie ring. Moreover, as the ring, at the instant of its rupture, had ntill a re- 
mainder of velocity, the spheres Ur which it has p'woix lirtfi tend to fly oft' at a 
tang«'nt ; l>nt m, on the other side, tln' di.^e, tnniiu^' in the nleoholic lif|Uor, has 
impressed on this a movement of rotntion, the spheres are especially carried 
along by this last movement, and revolve for some time aronnd the disc. 'Thoso 
which revolve at the same time upon themselves consequently then present the 
cnrions spectacle of planets revolving at tho same time on themselves and in 
their orbit. Tho movement of rotation of these m?i«5«es is, however, ton slow, in 
relation to their diameter, to cause any sensible lluttening. Finally, another 
very curious effect is also manifested in these circumsuiuccs; Besides three or 
four large sphtaes into which the ring resolves itself, there are almost ahraya 
produced one or two very small ones, which may thus be compared to satellitos. 

The experiment which we have just described, presents, as we sec, an image 
in miniature of tho formation of the planets, nccordinp; to tlie ]iypi>ili( r^is of 
Laplace, by the rupture of the cosmical rings attributable to the condensation 
of tho solar atmosphere. 

20. When some oil is introduced into a mixture containing a little excess of 
alcohol, a phenomenon is observable, which is connected with that of the peso- 
lution of the ring into isolated spheres. If the oil be poun d in with sufficient 
rapidity it forms a long cylindrical train, extending from the beak of the funnel 
to tie- I'oHnm of the ve.>*Hel, where the mass gathers. Now, this kind of tail, 
which connects the masatof oil w ith the beak of the iuuuc l, remains as long as 
the oil which forms it has a sufficiently rapid movement of translation— that is 
to say, as long as we continue to p(jnr ; Imt, as soon a^ we cease to pour outf 
and I he movement of translation is slackened, the train of oil is instantly re- 
solved into ;»ovoral isolated sphenilos. 

21. The formation of a ring analogous to that of Satiini naturally inspires 
the desire to cmiy further the resemblaoce to the system of that planet, and to 
seek, whether, by some modification of our experiment, it would not be possible 
to contrive so thata sphere of tn\ slionid remain in the middle of the rin .;. Now, 
I have succeeded in producing this effect, l)y means of a process which 1 shall 
proceed to de«cri!>e ; only that thi? exporiiueiit must be re^rardod merely a-' a scien- 
tific nport, for the circumstances which giverise to the result haveevideully noanal- 
ogy with those which can have occasioned the configuration of the system of Saturn. 



* This substitution is accomplished by dotaching the upper ond of tho axis of the first diso 
fruMi lH: <:e wiro which passes through tbo metallic Stopper (^8,) and screwing in its 
place ttio end of the axis of the DOW disc . • 'I 'Hut' 

• * * • .V. 
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Tt i'' fir^t no<»r»??nrv to ho ;\h\o. to p^ivR to tbe iiBC a conpirlornMe velocity of 
rotutiou. To do iliir^, we udapt to the upprr part of the ve:^><'l a system of two 
pulloys — ouc small, and lix« d on to tbe proluiigaiioii of the axis tbe disc at 
tbe place of tJie handle, whleli is taken away ; tbe other larger, and to the axis 
of wnich the eame handle is attached. In my apparatus the diametem of the 
two pulleys arc, rcppcctively, 12 ;ni<l 7.' milliraotrc?. In the second place, tbe 
diamoff^r nf tlm «pluTo hoin;; alwuy.-^ nearly bix centimetres, that of the disc 
ehould be only two centimetres. Laiitly, the disc should not have, as in tbe 
preceeding experiments, its centre coiDciding with that of the sphere. It should 
he placed lower, toward the inferior part of the latter. 

Matters being thus arranged, the handle is tnrned with a velocity which ex- 
perience soon enahle« us III (li t ermine. Tn my apparatus tliis velocity nrifrht t^be 
about two turns and a half per second, which nearly corn spomls to tif teen tuni* 
of the disc in the same time. We then see, in general, a ring rapidly formed, 
which extends itself, leaving in its centre a mass of oil, to w^ich it remains 
nnited by a thin pelljcle. At tbe instant when therin^; lias attained a sufficient 
development, (and by habit alone can tbis bo cnrrectly U-arncd.) flio rotation h 
suddenly stoj)]»ed. The pellicle then breaks, the ring remains c<implrtf^lv iso- 
lated, and the central mass forms into a spbere. . We have thus, during some 
instants, a curious representation of the system of Saturn* except the flattening 
of the ring. The ring returns rapidly, afterwards, upon itself, and is again 
united to the central sphere. Tbis experiment does not ofT< r any great mffi- 
cnlties. It requires, however, pome pkill to sncceed perfect! v.* 

22.*In describing (§ 10) the experiment in wbicli tbe Ihitteiiingof the sjdierr i« 
effected by the immediate action of the disc, I have remarked that the movement 
of the latter should not be continued too long, because the mass of oil thai 
comes to lose its form. Now, if we continue, nev^htheless, to turn the handle, 
with a virw to observe the results of this disfiguiement» we see manifested new 
and very capricious effects. 

Tbe sphere being well centred with relation to the disc, if we give velocitiw 
of one turn in six, five or four seconds to the latter, we begin, after seven or 
eififht tuniSy to see the mass of oil elongate itself horizontally in one direction, 
taking a form which resemble.^ much an ellipsoid of three axes ; and, what ia 
more singular;, this kind of cllip?oid is placed in an eccentric mannor with rela- 
tion to tbe axis of rotation, i'igure 4 represents, for a velocity of a turn id 

Fig, 4. 




four seconds, the mass viewed from three different sides ; that is to say, from 
above and in the two lateral directions of the smallest and of the Iarge.«t hori- 
zontal axis : thedotti <1 parts indicate the positions of thi- disc and of the axis of 
rotation. The aspect of the mass seen fromabove shows that it is slightly Vient in ^ne 
direction} but this effect is evidently owing to the rc^jistjmce of the ambient houid- 
When once the mass has taken this form, it preserves it indefinitely as long 
as the movement of the disc continues ; it continues to revolve eccentrical]^ 



• On commaiiiciitiDg this very experiment to tbe academy, in tbe sitting of April, t-lt 
(seethe Bttlletins,) I ^ied that it was neceMary to varj tbo velocity of rotation. 1 bare 
■tiMje found tbati having adapted a convenient veloci^, it was bent to keep it ttnUbnn. 

> 
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round the latter, and with a velocity much less than that of thia diec. This 
inferior velocity, I may add, evidently also proceeds from the resistance of the 
ambient liquid. 

U a fjreater velocity is given to the disc witlioiit> liowever, passing a certain 
limit — if. for example, we frive it one turn in three seconds, the phenomena nro 
Btill of the !*ame kind ; only the mass is more elongated, the ilexurc due to the 
resistance of the ambient liquid is more decided, and the 
form is more removed from an ellipsoid. Figure 6 repre- 
sents the mixi^A viewed on the flide» and Blowing to the eye 
its grenfc-t Irii^rtli. 

If the vekn iiy of the disc is increased to a turn in two 
seconds, the pbeuomeiia become less constant and less 
regular. We should say that there is, for this velocity, a 
transition from one order of phenomena to another, and that the mass hesitates 

!,.( '',••' , n the two. 

in l.ict, with a velocity still a little greater, namely, about one tnm in a second 
and a half, the phenomena begin again to be K ^rularand cori?*taut, hut they are 
different from the lirst. They arc exhibited iu all their beauty when ihc v t loeity 
is increased to a turn in a second. The mass then is at first deeply hollowed 
around th(; axi.s, as if the ring was on the point of being developed ; and it re- 
mains nnri* r th'v^ form of a ciiculiir Jionmltf tlui iii^' sixteen to eightcrn turns of 
the disc ; we then see it elongate gradually accordin;^ to a horizontal dhinu ter, 
but no louger eccentrically, so that, seen from above, it presents an elliptic 
figure sometimes very pexfect» of whieh the dise occupies the centre, (fig. 6.) 
This ellipse then lengthens more and more, rather rapidly, and begins to bend 

Fig. G. Fig, 7. 






hj the resistance of the ambient liquid, (fig. 7.) Lastly, on a sudden the 
becomes strongly inflected from both sides, and its form 
seen from abnv* is then as represented in fig. 8. The * 
mass afterwardii prescr^'es this last loim in a perfectly 
fixed manner, as long as the movemeut ot the disc con- 
tinues. I 

23. However capricious these phenomena may appear* 

chance, or accidental causi^s, have still no part in tnem. 
I have repeated a great number of times the experiments detailed above, and 
the efi(jcts have aways been identically iho same for the same velocities. 

After having seen the stiible figures which the mass takes in these circum- 
stances, wo cannot help making a comparison between these figures and the 
ellipsoids of three axes of MM. Jaqobi and liouville, (§15,) — cdlip.soids which 
are jilso always, as the latter of ihe^e geometriciaiir^ lia- t^liDu n, figures of .stable 
ccjnilitinum. Would the identity of the phenomena in the case of universal 
graviialiuu uiul in that ot*mulecuiar attraction hold good so far ? Doubtless 
the singular figures which we have just described are not ellipsoids ; but dieir 
ai'peet admits of our attributing the difierence to the resistance of the ambient 
liquid, which on one f>ide determines the flexures of which we have spoken, 
and oil the other maintains a jK-rnianent inequality of nn^'^nlar velocity befweon 
the nonious adjoining the dinc and the more distant portions. Calculation alone 
could inform us up to what poiut the above comparison is well founded ; the 
complete solution of the ^rob lem, for the case of molecular attraction, would per- 
haps not present difficulties so insuimountable as for that of uaivenal attraenos. 
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S4. Ill all the expcriiucnts which I have described ia tbis memoir, I have 
Blippofiod that the oil and the alcobolle mixture were rendered chemically inert 
with regard to racli other, and I have said (§ 0) that it was easy in a j^liort ppaco 
of time to obtain two Buch liquids. I proceed now to detail the process by 
mfaiid of which this object is attained. 

We be^'in by making a mixtnro of alcobol and distilled water, containing a 
certain excels of alcohol, so that whefi ^!ubnlitt( d to the trial of the test tube 
(§ 3) it lets the praall sphere of oil fail to the bottom rather rapidly. After 
having formed the mixture in qnantity more than sufficient \<> lill tht ves^sel 
which is to f^orve for tlic (•Njx rirncntr', we introduce into ihirf .-ame mixture a 
quantity of oil about double what is consideicd necessary for ihcse experi- 
ments.* If a flask is not at hand 1ai|^ enough to contain the whole, wc divide 
the masses among several separate flasks : bnt care must then be taken that 
each one may contain the same proportions of water, alcohol, and oil. After 
this we invert the«o flanks rapidly a gieatnumlicr of time?, bnt witliont shaking 
them, until the oil lias been divided into spherules of ibe >v/.v < t' a piuV head ; 
the whole is then left to rest. Then if the alcohol of the mixture is in proper 
qnantity, the spherales should sink with extreme slowness, so as to take abont 
a quarter of an hour for the greater part to collect at the bottom ( f ilasks. 
If it is otherwise, vrntrr or alcohol is to be added, as may be required ; the con- 
tents to be mixed by inverting the flanks several tinicR, as above, then left 
again to settle, and the operation thus to be recommenced until the result is 
obtained which I have described. When this point is obtained the whole is 
thrown npon Alters, care being taken to cover the funnels containing theae 
last with plates of glass. This precaution is nec*-.<s;iry in order to prevent, 
as much as possible, the evaporation of the alcohol, and for another reason, of 
whieli wc shall ppeak herrnfter. The alcoholic liquor passes \ho first through 
the lilters, ordinarily carrying with it a certain number of very minute spherules 
of oil. When the greater part has thus passed, the spherales become more 
Bomerons. What still remains in the first filters, namely, the oil, and a residne 
of alcoholic liquor, is then thrown into a single filter placed on a new flask. 
This last filtration tak( jdace much mr)re slowly than the fir.-t. on account of 
the viscosity of the oil. It is considerably iueeleiafed by rem wiiiLr the filter 
ouce or twice during the opeuiition. If the funnel has been covereil u iih sufi- 
cieut care the oil wUl collect into a single moss at the bottom of the flask, under 
a layer of alcoholic liquor. 

The preceding operations have thus given us the following rraults : On the 
one hand, the inert alcoholic niixtuic, still holdinj^ a small exce=-j of nlc<>hol, 
an<l eoiitainiii;; a c< itain nnmix r <>f Mnall spiieiules oi' oil; on tlic otlu r liand, 
the oil equally inert, and covereil with a little of this same alcoholic liquid. 
Now, a second filtration completely clears the first from the spherales which It 
holds. With respect to the oil, it is extracted from below the alcoholic layer 
by means of a small siphon, armed with a lateral tube, and received hilo a dry 
flask, whi.cli is to be perfectly eorked. In this manner we bfive the two liquids 
Foparate and inactive, with regard to each other. AVhen it i>* (h sin'd to use 
them, if wc perceive that the alcoholic liquid is a little too dense, we correct it 
with pure alcohol ; and if, on the contrary, there is too little density, we correct 
it witn alcohol at 16 degrees. In this latter case we most not use pnro water, 
because this» when it mixr g with the prepared alconolie liquor, produces in it a 

tloudiueps mrvre or los dt cided. 

The various trials I have made n lativi ly to the alun o procci^s, have led me 
to a.-^cerUiin that the two liquids, when they have not been Bubmitied to this 
preparation, are both modified by their mutual contact The alcoholic liquid 

" It is indisponsiiMo to lmvf« the two liquids thns in oxc*>«", on ncronnt of »'"■ 'jn-iT't'-'t^q 
wbicL arc ucct^arilj' loni Uuiiug iho dill'cifut gpemtiuud wbicii wo mLoU il«»ciioc« mid xix liio 
pnpsiation of ths espsrinents. 
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dissolve? snmc oil, and this in its fiirn probably dissolves somo ulcoliol. It is 
especially from the modification which the oil undergors: that its great diminu- 
tion of relative density result;*. (§ 0.) Xow, when the oil thus modi Hi d remains 
exposed to the air, it passes again gradually to the state of fresh oil, aud resumes 
bs former densi^. It is partly to avoid tins that I have reoommended the fon- 
nels which enclose the filters to be kept constantly covered, and the oil to be 
kept in n 0 i-k p( rf( ctly coj ki d. As fgr the aicobolic mixture, it is evident that 
this last precaution is equally nece?snry. 

25. Before I conclude, I must fore wani, those persuns who may wish to repeat 
my experiments of two effects which sometimes occur, and which cause distnrb- 
ance in the operations if the experimenter does not know the means of pre- 
venting or destroying them. 

When pome oil it^ introduced into a mixture containing nn exce^-'p of alcohol, it 
happen.-^ r^ometimcs tliat the map3 which has !?iink to the bottom of the vei*sel 
contracts adherence with this bottom aud spreads itself out more or less on its 
sorfaco. There is then no means of removmg it entire ; but the spreading of 
the adhesion may be prevented by contriving that the bottom of the vessel 
should be occupied by a layer of a mixture more dense than the oil, (§ 9.) 

The second effect to wliicli T allude is presented in the inverse case — tliat is 
to say, when the ophere of nil. instead of reaching the bottom of the vessel, rises, 
on the contrary, to the surface ul ihc alcoholic liquor, either becauac this liquor 
contains too little alcohol, or on account of a lowering of temperature, or becausa 
we have not been able to use prepared oil. When wis happens the mass flat- 
tens at first, more or less, at the surface of the mixture, as if this last opposed 
a resistance to it. Then, after some time, it makes its way through, and then pre- 
sents a portion of plane surface, more or less extendi d, on the level with that ol" the 
alcoholic liquor. But what occasions trouble is, that then, so io speak, it h&a 
eontracted an adherence with this same suifaee, from which it is not detached 
without great difficulty. It is, at first, easy to prevent the production of this 
effect by pouring on the .^urficc of the liqnor a .-mall layer of pure alcohol ; and 
this mmc means will serve al&u to destroy the effect in qne*«tion, if it is already 
produced. In this Ifitter case we may again invert the ve.s.-^el with caution. 
The movemeui ilius impai ted to the ambient liquor sufficed, ordinarily, todctach 
the mass of oil, with the exception of a small portion, which almost always ra- 
niMBS adhering to the surface. 

26. Lastly, 1 have already mentioned the fact that, after a certain number of 
experiments, the oil become.^ filled with small spherules of alcoholic liquor. 
Now, reciprocally, the ambient idcoholic liquor is al.^o often sprinkled with a 
multitude »mall spherules of oil. It is scarcely necessary to remark that, 
when all tneso spherules have become too numerous, and we desire to restore 
the liquids to their original trani^paroncy, this is easily accomplished by filtra- 
tions similar to those of which I have spoken above, (§ 24.) 

27. We have been hitherto engaged with the figures asssumeJ hy a liquid 
mass ab'strncted from the action of gravity aud submitted to the attraclion of 
its molecules, either when this mass is at rest, or when a movement of rotation 
upon itself is imparted to it Notwithstanding the difference of the laws which 
the attractive forces follow in this case and in that of the large planetary masses, 
we have seen produced, on a .''mail !«cale, a striking representation of the 
majority of the phenomen i of coufigurati«)n relative to the celestial bodies. In 
the second part of this investigation we shall submit our liquid masses to neW 
forces, and we shall then see developed a scries of phenomena quite as curious 
but of a different class. 

■ 1 1 - 

Note. — Professor ForjiJaj, who liaa ropoatc J many of M. Plateatrf? ronmrkablo and l)oau- 
tiful oxpcrimoctii, colaured iils oil firroon, for the purpose of rendering it more distinctly viaibltt 
Is the spirit, by dissolving in it a nttle oxide of copper. Thi-;, he etotev, is easily done fe/ 
twatiBC a little oil with ito oxide^ and then miagling that with the net 

I 15 8 ^0^' 
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PIBFACB. 

At the period wbeu attacked bj the disease which h&s entirely deprived me of sieht, I had 
tomiinated the (greater part of the cxperinifutH reluitng to this series* as well aa the tollowing. 
M. Duprcz. corrc^:nondcnt of the linisseLs Academy, and M. Donnv, liaJ the kindness to 
uu«lcrtuk(> tbo.^c >viiich were still wanting. I con^itauUv directed iht-ir «.3Lccuiiuu ; uearlr all 
ytcTv liiH le in niy pri'scnce, tiud I followed all the aetaiis. I have therefore ewudoind 
myself ju«tifie<i, in order to simnlify the description, in expressing myself ia thecooiieof 
tbi-H invesiigaiion as if I had nnulo the experiments. 

With respect to the theorotical portions. I am indebted to the able assistance of one of my 
collcar^ue^, M. Lamark% who has most kindly devoted many long hours to listening to wt 
dctail.s of my investigations, and to aiding mo in the esplAoatioo of several difficult points. 
I am also i'ndel>ted to another of mjr colieagttes, M. Handeilier, for the execution <Mr a pail 
of the calculations. 

May I he permitted to eicpran in this place my gratitnde to theiM> deroted friends f 

Thanivs to ilsdr gen< :«>iis Ik 1|-, science is t«till an open tielJ fur nic: iiotwiihstanding the 
infiimity with wtucb I am afllicted, 1 am able to put in order the materials I have coUwtedf 
and even to tmdertake fiesh researches. 



Preliminary considerations and theoretical principhs. General ctmditian to 
he MUtBfied by the free eurjacv of a liquid ma** withdrawn from the atOiim 
gravity t atoL in a state of equilibrium. Liquid sphere. 

1. The process desciibed iu the prcvionB memoir enabled us to destroy the 
action of gravity upon a liqnid mass of conaideiable volnmef leaving the masa 
eompletelj at liberty to assiilmo the figure assigned to it by the otber forces to 
whi^ it ie subject. This process consists essentially in introdudng a mass of 

oil into n mixttirp of wator and alcohol, the flensity of which is exactly equal 
to that of tit" oil ( inpluyed. Tlio iii i-? tlioii n-inain? suspended in the sur- 
rounding liquid, au<i behaves as it withdrawn fruia gravity. By this means we 
have studied a series of phenomena of configuration, de|)endent either simply 
upon the proper molecular attraction of the mass, or upon the combination of 
this force with the centrifu;! il force. We shall now abandon the latter force, 
and introduce another of a diflV rf nt kind, the molecular attraction exerted be- 
tween licjuid-^ ami fcolkl?' ; ia other word?*, we shall cause the liquid mass to 
adhere to solid systems, ami study the various forms assumed under these cir- 
enmstances by those portions of Uie snr&ce which remun free. In this waf 
we shall have the curioHs spectacle presented by the figures of e(|unibriam ap- 
pertaining to a liquid mass, absolntety devoid of gravity and adherent to a 
given solid system. 

But the figures whirli Ave shall obt^iiu present another kind of interest. The 
free portiona of their surface belong, as we shall show, to more extended figures, 
whicn may be concdved by the imagmation, and which, in the same conoition 
of total absence of gravity, would lielong to a perfectly free liquid mass ; thus 
our processes will partially realizf th" figures of equilibrium of a ma-«s of this 
kind. The latter arc far from beinj^ confined to tlie sphere; but amon^ them 
th'' sphere alone is capable uf being compiett ly f'nnued, the others presenting 
either infinite dimensions iu certain directions, or other peculiarities whidi we 
shall point ont, and which equally render their lealization in the complete 
state impossible. 

!^roreovef, the results at which we shall arrive will constitute f"^ imny new 
and nn^'xpected confinnationR of the theory of tin- jin ssuro?? rxortt d by liquids 
upon tlKmiclves in virtue of the mutual attraction of their molecules, a theory 
upon which the explanation of the phenomena of capillaritv is based. 

Lastly, in our liqnid figures we shall disooTer remarkable properties, which 
win lead us to some important appUeatioiit. 
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2. In order to gnide m in our experiments, and also to enable us to com- 

p^reliGnd their benring, we shall fir^t consider tlip qno?t?on in a purely theoretic 
iut of view. The action of gravity being eliminated and the liquid mass 
ing at rest, the only forces upon which the figure ol equilibrium will depend 
will be the molecular attraction of tbe liqaid tot itaelf, and that exerted between 
the liquid and the aolid Byatem to vbich we cause it to adhere. The action 
of tlir- ! trtf'r force cease? at an excessively minute distance from the polid ; 
hence, in re^^ard to any point of the surface of the liquid situated at a sensible 
distance from the solid, we have only to conmder the tirst of the two above 
forces, t\ e., the molecular attraction of tbe liquid for itself. 

The general effect of the adhesive force exerted between the liquid and the 
solid if» to oblige the surface of the former to pass certain lines ; for instance, 
if n li(piid mass of ?nitable volume be caused to adhere to an elliptic plate, the 
suriace of the mass will pass the elliptic outline of the plate. At every point 
of this surface, situated at a sensible distance from this margin, the molecular 
attraction of the liquid for itself alone is in action. 

Let us now examine into the fundamental condition which all points of the 
free surface of the mass mxin ? U: f v, in virtue of the latter force. 

The determination of this condition and its analytical expression are com- 
prised in the beautiful theories upon which the explanation of the phenomena 
of capiUaiily is based* altliough geometricians haye not vpeciaUj studied the 
problem of the figure of a liquid mass void of grayity adiierent to a giyen solid . 
system. We shall, therefore, now rcsnmc the principleni and the re?nlts of the 
theories ]]] question, at least those which relate directly to our subject. 

3, \V iihiu the interior of a liquid mass, at any notable distance from its sur- 
face* each molecule is equally attracted in eyory direction ; but this is not the 
case at oryery near the suHace. In fact, let us consider a molecule situated 
at a distance from the surface leas than the mdlns of the sphere of sensible 
activity of the molecular nttraetion, and let us imapne this molecule to be the 
centre of a &ma\l sphere having this same mdius. It ia evident that one por- 
tion of this sphere being outside the liquid, the central molecule is no longer 
equally attracted In eyerj directaon» and that a preponderating attraction is 
directed towards the interior <^ the mass. If we now imagine a reetUinear 
canal, the diameter of wliich is very minute, t'> f \ ;st in the liquid, commencing 
at some point of the surlaco in a direction perpendicular to the latter, and ex- 
tending to a depth equal to the above radius of activity, the molecules con- 
tained in this ndnute canal, in accordance with what we bare stated* will be 
attracted towards the interior of the mass, and the sum of all these actions will 
constitute a pressure in the same direction. Now, the intensity of this pressure 
di"| rnfis upon the curves of the surface at that point at which tiie minute canal 
commences. In fact, let m first suppose the surface to be concave, and let us 
pass a tangent plane through the' point in question. All the molecules situalsd 
extemallj to uis plane, and which are sufficiently near the minute canal for 
the latter to penetrate within their sphere of activity, will evidently attract the 
line of molecules which it cnnt iins from the interior towards the exterior of 
the mass. If, therefore, we suppressed that portion of the liquid situated ex- 
ternally to the plane, the pres*tiuie exerted by the line would be augmented. 
Hence it follows that the pressure corresponding to a concaye sni&ce is less 
than that which correspmuis to a plane surface, and we may concetye that it 
will be less in proportion as the concavity is more marked. 

If the surficf^ is convex, the pressure is, on the contrary trreiiter than when 
the surface id plane. To render this evident, let us again draw a uri^» nt phme 
at that point at which the line of molecules commences, and let us imagine for 
a moment that the space included between the convex surface and this plane is 
filled with liquid. Let us then consider a molecule, m, of this space sufficiently 
near, and itom this point let £gU1 a peipendicular upon the minute canal The 
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action of the molecule m upon the portion of the Une eompriaed between the 

base of the perpendicular and the surface will attract this portion towarda tho 

interior of the m.i^s. If afterwards \vv take a pnrfinn of the line equal to 
the former from theotlior i^idc of tl»(^ pt i])eiulicuUir, and commencing at the ba>*o 
of the latter, the action of tlie molecule m upuu thie second portion will be e<^uai 
and opposite to that which it exerted npon the first; bo that these two portiona 
conjointly would neither be attracted towards the interior nnr the exterior of 
the mass ; if bryuiid these two same portions aiKtthcr part of tlie Hue is com- 
prised wilhiu the sphere of Mcfivity of ?n, this part will evidently he attracted 
towards the exterior. Tite deiiaitivo action of m upon the line will then be in 
tbe hititer direction. Hence it follows that all the motecnlee of the space oom- 
priaed between the suiface and the tang««nt plane which are sufficiently neiur the 
une to exert an effective action upon it* will attract it towards the exterior of 
the mass. If, then, we suppresf this portion of the liquid so as to reproduce 
the convex surface, the result will be an augmentation of the presisure on the 
part of the line. Thus the pressure corresponding to a convex surface is greater 
than that coiresponding to a plane snrfiice, and its amoont will evidently be 
greater in proportion as the convexitj is more marked. 

4. If tlie surface has a spherical curvature, it may be demonstrated th u, rep- 
resenting? tlie pri ssure corresponding to a plane surface by I*, the nuiius of the 
sphere to which the suifuce belongs bv r, and by A a coustontf the pressure 
exerted by a line of molecules* and rednced to unity of the sni&oe^ will have 
the following value : p -f^ (1 ) 

r 

r being positive in the case of a convex* and negative in that of a concave 

surface. 

Whatever be the form of the surface, let us imagine two spheres, tlic radii of 
which arc tJiose of greatest and least curvature at the point und» r consideration. 
It is evident that the pressure exerted by the line will be iiiteimediute between 
those corresponding to these two spheres, and calculation shows that it is ex- 
actly their mean. Denoting the two radii in question by E and R', the pnea* 
m exerted bj the line* lefened to the unity of surfaoci would be 

The radii B and B' are positive when they belong to convex cnrveSt or, in odieff 

terms, when they are directed to the intenor of the mass ; whilst they are nega- 
tive when they belong to concave curves, t. e., when they are directed towaida 

the exterior. 

5. Vrom the preceding details we can now easily deduce the couditxou ul 
equilibrium relative to the free snrfiuse of the mass. 

The pressures exerted by the lines of molecules which oommenoe at the di^ 

ferent points of the surface are transmitted to the whole mass ; consequently, 
for the existence of equilibrium in the latter, all the pressures must be equal to 
each other. In fact, let us imagine a minute canal running perpendicuhu-ly 
from bome poin* of the surface, and subsequently becoming recurved so as ts 
teminate nerpendicularly at a second point of this same suzfis^e, it is evident 
that eqnUiorium can only exist in this minute canal when the pressures exerted 
by the lines which occupy its two extremities are equal ; and if this equality 
exists. r((niHbrium will n( cessarily exist also. Now, the pressures exerted by 
lUc diliercul imcs depend upon the curves of the surface at the point at which 
they oommence ; these curves must therefore be such, at the various points of 
ibc free surface of the mass, as 40 dfitennine everywhere the same pressure. 

Buch is the condition which it was our object to arrive at» and tO which ll 
oaeh case the fsw sur^tce oi' the mass must be autijiect. 
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The analytical expression of this condition is directly dcduciblc from the 
geoenU valne of the preBRnre ^yea in the preceding paragraph ; wc only requirf^ 
to equalise this value to a constant, and* as the quantities P and A are them* 
selves eonstantt it is in fiMSt snfficient to make 

i-+l=C. (3.) 

tiie quantity C being conatint for the same figure of equilibrium. 

Thi>' cqnntton if the pamo as those which are f^ivon by p;emnftricifinB for ca- 
pillary jsurtiiccii, w hen, in the latter equations, the quantity repreaenting gravity 
ifi fiuppoised to be 0. 

B and B' mi^ bc^i^placed bj their analytical values ; we are tbne led to a 
complicated difierential equation, which only appears susceptible of integration 
in particular casen. Y* t tlir equation (3) will be useful to ua in the above sim- 
ple form. Now \vv know that th<' noimal plane sertions which corrrspoiul to 
the grciitest and the least curvature at the aame point of any surface form a 
right angle with each other. Geometricians have shown, moreover, that if 
any two other rectangular planes be made to pass through the samo noimal, 
the radii of curvature, /> and p*, corresponding to the two sections thus deter- 

mined, will be such that the quantity — + will be equal to the quantity 

+ gj. Hence the first of these two quantities may be substituted for the 

second ; and, cnnseqttently» the equation of equilibrium, in its most general 
expression, will be 

i+ ^-0, (4.) 

r f 

in which equation /> and f>' denote the radii of curvature of any two rectangular 
sections passing through the same normal. 

6. These geometric ])i aperties lead to another signification of the equation 
(4.) We know that unity divided by th(5 radius of curvature corresponding to 
any point of a curve is the measure of the curvature at this point. The quantity 

A 4. i represents, then, the sum of the curvatures of two normal rectangnlar 
A />.' 

sections at the point of the surface under consideration. This being admitted, 
if wc imagine that the system of the two pianos occiipir'' <nccp«rjively ♦ 
diflfernnt positions in turning around the same normal, a sum of curvatures 

i + i -I- i -H ~, &c., will correspond to each of these positions ; 

• p p' p" p'" p^^- p'- 

and, acconlin,^ to the property noticfd in tlio ])vcceding parafrrMj)h. all tlicfe 
sums will havr the same value. Consequently, if we add them together, 
and let n denote the number of positions of the system of the two planes, 
the total sum will be equal to n times the value of one of the partial sums, 

or to » + Now, this total sum is that of all the curvatures 

^, — , — , &c., in number corresponding to all the sections determined 

by the two planes. If, then, we divide the above equivalent quantity by 2«, 

the result + —\ will represent the mean of all these curvatures. Now, 

as thirf result is independent of the value of », or of the number of positions 
occupied by the system of the two planes, it will be equally true if we suppose 
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thx^ mimber to be infinitely great, or, in other word^, if the sticcesflive positiofis 
ot the syritem of the two planed are iuliuiti ly approximated, and consequcDtly 
if tiiid iiume eybtcm turns around the uurmul in tsuch a manner ao to determine 
all tbe ettrvatuzes which belong to the surface around the point in question. 

The quautity ^ (— H> repiesente* then, the mean of all the corvatores of 

the surface at the »ame point, or the mcau curvature at this point. 'Sow if, in 

passing irom one point of the sar£Bee to another, the qnantity - + —, retains 

the same ▼aine, t. e., if for the whole surface we hare ^ -|- = 0, this snr- 

P ff 

face is such that its mean curvature is consuut. 

Considered in tliis purely mathematical point of view, the equation U) has 
formed the object of the restuirches of several geometrieians, and we shall profit- 
by ttie^c re.scarche:^ in the subsequent pjirt:) of this memoir. 

Thu> onr liqiiiil surfaces should »*atisfy thii« condition, that tho mean curve 
muet Kr I Ik- .-^auie evorvwh* rr. Wo can understand that il thi.^i occnrf*, the . 
mean cilcci uf the curvuturcH at eacli point upon the pressure corresponding to 
this point also remains the samci and that this gives rise to eqnilibiinm. Henee 
we now see more clearly the nature of the snrfaces wo shall have to consider* 
and why they cont«titute surfaces of eq^uilibrinm. 

6*. We mu.^t now call att( nfion to an immcdlato consequence of the fhtv>. 
retical principles which liavc led us to the geurral condition of ei^uilsbrium. 
Accordiiig to these principles, each of the lines ot molccuic-s exerting upon the 
mass the pressures upon which its form depends, commences at the surmce and 
terminates at a depth equal to the radius of the sensible activity of the mole* 
cular attraction, t^o that these lines collectively constitute a superticial layer, 
the thickness of which is equal to the radius ilse!f, and wc know that thir! i^ 
of extreme minuteness. It results from this that the lormative forces exerted 
by the liquid upon itself emanate solely from an excessively thin superlicial 
layer. We shaU denominate this oonseqnenee the primcijAt: of the aupcrjicial 
layer. 

7. A spherical surface evidently satisfies the condition of equilibrium, because 
all the curyatuies in it are the same at each j>oint ; alf^o when onr m:\-^ is i)cr- 
fectly free, i. e., when it is not adherent to any bolld which ubligc» ita surface 
to assume some other curve, it in fact takes the form of the sphere, as showu 
in tbe preceding memoir. 

8. Before proceeding further, we ought to elucidate one point of great im- 
portance in r«*gard to the experimental part of onr investigations. The liquid 
nia-s i:i our exjx riment-* l>ei5i;^ immersed in another liquid, the que.-^tifm may 
be aakcd win iIk r the molecular actions exerted by the latter exert no intiuence 
upon the figure produced; or. in other words, whether the figure of eqnilibrlaln 
01 a liquid mass adherent to a solid system, and withdrawn from tne action 
of gravity by its immersion in another liquid of the same density as itself, is 
exactly tlie f*ame as if the mass adherent to the ^olid system were really de- 
prived ot ;;ia\ il) and were placed in tucuo. Now, we AwW show that this 
really ia iIm- ca-i . The molecular aictious resulting from the presence of the 
durroundrag iaiiud aro of two kinds, viz., those resulting from the attraction of 
this li(|uid for itself* and those resultiog from the mfttual attraction of the two 
liquids. Let us fii-st consider the former, imagining for an instant that the 
otiM i> <ln not exist. Tlu* ^nrrounding liquid Ifein:^ applied to the iV* r urfacc 
ot ilie uuni<T.-cd mass, the tormer presents in uifni^Uo the «.nmc li;^Mur a:* the 
Utter mass presents in relief. Those molecules ol this same liquid which are 
near the common snifiioe of the two medj^ must then exert pieasarcs of the same 
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natore those which we have cousjiclorod throughout the precerlinj^ drtailt*, 
towards the interior of the liquid to which they belong, and these jucsJrsurea 
muat con»equeutly Jilso impart a figure of equilibrium to the surface iu intaglio ; 
80 that if the unmmed mass of itself had no tendency to assume any one figure 
rather than auother* the surrounding liquid would give it a determinate one, by 
compelling it to mould itself iu the above hollow figure. This is why a bubble 
of j\ir ill A liquid jispumes the globular form, .^olely in conscqnorice «>f the pres- 
sures exeilcd by the liquid upon it. Now let us suppose ilial the immersed 
ma^s has assumed that figure which it would acquire in vacu<f if really deprived 
of gravity ; the analvtiGal condition of paragraph 5 would then be satisned as 
regards this mass. Now at ( icli point or the common surface of the two medifti 
the radii of curvature p and // li:ive the same ali-olute valuo>', hntli in the case 
of the immeiHed mass and ol the hollow figure of the gurroundii i; liquid, except 
that their signs are contrary, according as they arc considered as reierriug to 
one or the other of the two liquids. To pass from one of the two figures to 
the other, we need therefore only change tne signs p and /»', or, what comes to 
the same thing, change the sign of the constant C. Changing the sign does 
not destroy the eotidition of equilibrium ; and consequently, if the iInn1er^'ed 
mass it iti equilibrium an ie;::aius its own molecular attracfionK, tlte same wiU 
hold good iu the case ol the liollow figure of the surrounding liquid. The 
pressures of the latter liquid cannot, therefore, by themselves produce any 
modification in the figure of equilibrium of the immersed mass. 

Let us now introduce the second kind of molecular actions, i. e., the mutual 
attraction of the two liquidH, and see what will he its efTi ets. Lvt inujgino, 
for an instant, tliat the immersed mas-!*, or, for t!ie >ake of iixing the idras, ihr 
mass of oil in our experiments is rejdaced by the same kind of liquid ha ihai 
which surrounds it, i, e,, by the alcoholic mixture. In other words, supposing 
tho T-esscl to contain only tho alcoholic mixture and the solid system, let us 
limit, in the imagination, a portion within the liquid of the same fignce aud 
dimensions, and situated in the pame manner as tin* preceding mass of t»il. It 
is then clear that the molecules of the mass near its surface beinw-, like those 
of the interior, completely surrounded by the same kind of liquid beyond their 
sphere of activity, these molecules will no longer exert any pressure upon the 
mass ; consequently, the pressures which would exist if this mass could be 
isolated must be consider**d as destroyed by the attractions emanating from 
the surrounding liquid. The latter forces are, therefore, all equal aisd opposite 
to the pressures in question. Noav, as these are all oqnal to e^ich oth* r in ac- 
cordance with the figure which we have attributed to the imaginary surface of 
the mass, the attractions emanating from the surrounding liquid wiU also all be 
equal to each other. If we now replace the mass of oil, the attractions emauating* 
from the surrounding liquid may certainly alter in absolute value, but it is evi- 
dent that they w ifl v f iin their din etious, and that they will remain equal to 
each other. We tiiereioie see thai they will only diminioh, by the same quan- 
tity, all the pressures exerted by the mass of oil upon itself ; consequently, as 
all the differences remain equal to each other, the condition of equiiibrium will 
still be satisfied as regards that mass. It is evident that the same mode of 
reasoning may be nj)i»lie(l to the pressures exrrt< d by the surrounding liquid 
upon itself — pressures which will reUiin their directions, all of wliieli will only 
be diminished to the same extent by the attractions emanating Ironi the oil, so 
that the condition of cqnilibriom will still bo satisfied as regards the hollow 
figure of the surrounding liquid. Thus the whole of the molecular actions due 
to the presence of the surrounding liquid will not tend in any way to modify 
the figure of equilibrium of the imrnorsed raafs. whieh figure will, consequently, 
be identically the same as if that mass were really void of <;raviiy and were 
placed in vacuo. Wc can, therefore, leave the surrounding liquid completely 
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oat of the question, its sole function being to neutralize the actioa of gravity 
upon the masa forming the object of the exijcrimenta. 

9. We shall now pass to the cx}>i rimental part. And fint, to aroid vaeleaa 
repetition, we shall aaj a few words relative to the apparatus to be used. As 
the liquid always consis^ts of a mass of oil immersed in an alcoholic mixture of 
the ?nm(- density .'i" it-olf. nnr golid pyj^temfl will ail cnnsigt of iron, and this for 
the following rea«ouiJ ; lu oidiimry circumstance? oil contractr*, 1 believe, per- 
fect adhesion with all solids ; but this la not exactly thi' case when the same 
oil is plunged into a mixture of water and alcohol ; for then, in the case of cer- 
tain solids, as, e.g., <f:h<^, the phenomena of adhesion sometimes undergo modi- 
fications which give ri-^c to trouble in the experiments. We shall meet with 
an instnncp of this in tlic pubsequent parts of thi? memoir. Now, the metals 
do not ^>resent this inconvenience ; moreover, the Ibrm which we have given to 
most ot our solid systtmt? would render their coustrueiion of any other sub- 
stance hesides a metid difficult. Now> among metals we prefer iron, not copper, 
because oil removes nothing from iron, whilst by prolonged cont:tci ^vith cornier 
it sli^'litl y attacks it, acquires a green color* and increases in density, whicB is 
a great inconvr nicnco.* 

When we wish to use one of these solid systems of iron, beforc introducing 
it into the Yessel» it must be completely moistened with oil ; and for this par- 
pose it is not sufficient simply to immerse it in this li^tud, but it must be care* 
rally rubbed with the finger. The presence of this coating fiwilitates die 
adherence of the liquid mass. 

We phall continue to make ii3o of the vesfsfl with plane walls, drscribed in 
the preceding memoir, § 8jt a common-shaped bottle, aod the flask previously 
mentioned (§§ 5 and 8) in the same memoir, are not well adapted, because they 
do not exhibit the true figure of the mass. 

When the solid system is composed of a single piece, it is supported by a 
vertical iron wire, which i*? screwed to tlic lower end of the nxis traversiue the 
metallic* f to j<p( r j but lor certain experiments the solid r^yt^tem is formed of two 
isolated purls, and then only one of them is attached to the axis, as I have 
stated ; the other is supported by small feet which rest upon the bottom of the 
vessel. It need not be mentioned that those liquids only which are prepared- 
in Bheh a manner as to be incapable of exerting any chemical ac tion upou each 
other can bf employed. (§§ 6 and 21 of the preceding memoir.) 

In addition to the little funnel for introducing tlif mn^sof oil into the ve.-^.-t l, 
the iron wire which serves for uoitiiig the isolated bpiicres, &c., of which I havi; 
spoken in the preceding memoir, the experiments require some other aeoessoiy 
instruments, as, in the first place, a small glass Byringe, the point of which k 
^ongated and slightly bent. It is used as a sucking^pump, to remore, for in> 



• In a letter which Dr. Faraday did me the honor of sending to roe, regarding ibe pre- 
ce<liuj» memoir, ho informed me tbiit, wlieu oXmit to repeat my experiments before a uumefuu:^ 
audieuee, wijjhing to produce a still greater difference in tbo a.Hi>ect of tbe two liquids, he 
ilisBolved inteutionaliy a little oxide ot copper m tbe oil, so an to render tbe latter of u grr^n 
color. The ojompouiid having thus been made befortband, and rendered perfectly bomope- 
neouij, und tbe aicobolic mixture having been regulated according to tbe density o{ tbe mtxl}- 
fiod oil, tbo preaence of the cupper in solution could not prodace any iuconveaieuce ; bat in 
this case also tbe solid tjrstenu shonld unqaentioDably be made of iron. 

t In making tbe experimeuts rela.ing to the present memoir, I found that it requisite 
slightly to modify tbe apDamtiu in question. The second perforation in the plato forming 
the Ud of ressel should be tnit httle smaller than tbe central aperture ; its neck should be 
less elevated; and, lastly, it should be placed near tbe other; if kit as previously described 
mud tigured, the employment of the accessoij instruuMmts which we shall describe would be 
impossible. Moreover, the neck of the central apertnre shoold be famished with a slight 
rini. '^o t'jut it may \n- laslly taken bol l of when we wish to remove tbo lid, as, e.g., when il 
is rcquir<^d to attach a fiolid system which is too large to pass through this saoie aperture tm 
tbe axis which tnarvnm tbo stopper. Lastly, the Teasel shookt be fumished wHli a step 
cosk at its lower part» so that it msy be easily emptied. 
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Stance, a portioii of the oil eomposfaig file liquid mast, when it is reqnirod to 
diminish Uie voluinc of the latter, or to withdraw the entire mass of oil from the 
vessel, aa operatioti which is eomctimog required, cVc In the seeond phico, two 
wooden ppatulai*. onf botnj:^ sli^litly b(Mit, tho other straight, covorod vvitli fiur^ 
linen or cotton .>^tufl". When these spatulas are iutroducf»d into tlie vesesel, ;iiid 
the cluth uiiii which they arc furnished is thoroughly impregnated with the 
alcoholic liquid, the mass of oil does not adhere to thraa. Hence, hj means of 
one or the other of these 8pntulas» the mass can he moved in the surronnding 
liquid, and conducted to the place which it is required to occupy in the interior 
of the vessel without any of it remaininp; npon the spatula. Thif 5s tho pnr^ 
pose for which the^e instruments are iutciuled. After they have ]>*'eu used, 
care mu«t always be taken to agitate them in pure alcohol before allowing 
them to drj. If this precaution be omitted, the alcoholie n^tnre with which 
the^ are inijit i ;;nated, on evaporating, would leave the small quantity of oil 
which it held in solution npon their surface; and when th(^ sninr instruments 
are u:ied again, the m if^^ of oil would adhere to it. In the third place, an iron 
spatula, the uses of which wc hhall point out in the proper place. Lastly, hb it 
is necessary, in all the experiments which we shall relate, that the alcoholic 
liquid should he homogeneous, the process indicated in the preceding memoir 
(§ 35) cannot be used to prevent the mass of oil from becoming occasionallj 
adherent to the bottom of the vessel ; but the same result is obtained by cover- 
ing the bottom with a square piece of liuon. 

New cxpenmenls in support of the theoretical principles brought forward in the 
preceding obterraUons, Figures of equilibrium terminated by surface* of 
tpkerical euroature. New prkieiple rioting to layen qf Uguids. 

10. The facts which we shall fntt describe may be considered as constituting 
the experimental demonstration of the principle of the superficial layer, (§ G, his.) 
Let us imagine any solid system to lie inmiersed in the liquid mass, and let us 
^ve to this mass such a volume that it may constitute a sphere which com- 
pletely envelope the solid .sy.stem without the latter reaching the surface at any 
point. I heii, if the above principle be true, the presence of the solid pyptera 
will exert no influence upon the figure of equilibriimj, because, under these 
cixvumstanccs, the superficial layer, firom which the configuring actions emanate, 
remains perfectly free ; whilst if these actions emanated from all points of the 
mass, any unsymmctrical modification occurring in tlie intcriKil pnrts of the 
latter wotild necessarily prndnce one in the extnrnal t'onn. Tlii< i?< Cdiilirnud 
by experiment. The condition of a solid system completely enveloped by the 
mass of oil would he somewhat difficult to realize ; but it must be remembered 
that, in the experiments relating to the preceding memoir, the system of the disk, 
by means of which the mass was made to revolve, was very nearly in this con- 
dition, because it did not renrb tlio external furfiice of the ma.«s excepting at 
liie tv/o very snnll Fpnei .s a\ liich ;j^:ivo p;e^'-'ii_'i' \o its axis. But we tlif-n ?nw 
(§ 9 of the pn!eediug memoir) tliat when the mass was at rest, its sphericity 
was only very slightly altered by the presence of this system. The theoretical 
condition may be more nearly approached by taking a very fine metallic wire 
for the axis of this same system; in this case the alteration in form is quite 
impi»ref>ptibl<". T!i« bcinj:^ supposed to be vertical, the disk may, moreover, 
be placed so that i;s centre coincides with that of the mass of oil, or is situated 
td)ove or below the ktter without producing any difference. I aball relate 
another fact of an analogous nature. In the course of the experiments, it some- 
times happens that portions of the alcoholic liquid become imprisoned in' the 
interior of the moss of oil, forming so many isolated spheres, rfow, however 
thp?c i^pheres may b-' ^ttuaffd in the interior of thema8B,not the least alteration 
is produced in the ligure of the latter. 
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11. Again, let hb cause some kind of solid system to penetrate the liquid 

masi); but now In the mass be of too email a volume to he capable of com- 
pletely enveloping this system. The latter will iheu uecessariLy reach the 
Bupeificial layer; and. if the principle in question be true, the fiji^tiro .,f die 
liquid masd will be mudiiicd, or, iu other wordti, will cease to remain t-phericaL 
Tliia does really occur, as we might have expected ; the liquid masa becomes 
extended at those portions of the solid system which project externally from 
it» surface ; it finally either occupies the whole of these portions, or only a part 
of ih( ir extent, accordinp: to the form and the dimensions of the ^^olid Hy.-?tem. 
and thuB aemtmes a new ligure of equilibrium. We shall meet with examples 
of this hereafter, (§§ 14, 15, 17.) 

1!^. Instead of causing the solid system to penetrate the interior of the liquid 
mass, let it dimply be place d iu contact with the external snrfiice of the latter. 
An action being then estal)lished at a point of the superficial layer, equilibrium 
must be destroyed, and the figur*' of the liquid mass ought again to be modified. 
This really occurs ; the mass becomes extended upon the suriace presented to 
it» and consequently acquires a different shape. This result might abo have 
been anticipat(;d from what occurs nnder ordinary circumstances, when a drop 
of water is placed upon a previously moistened solid surface. One might be 
induced to believe that, as regards the actual result, this case is ref* r i^-le 
that of the preceding paragraph or that in paragraph 10; for it appears that 
the liquid mass, becoming extended upon the solid system so as to obtain the 
new ngnre of equilibrinm, should ultimately occupy or envelop this system in 
the same manner as if the lath r had been made to penetrate its interior directly. 
Under certain t iicnm«tnnce9 this mur^t occur; hut the experiments which are 
about to be related will ahow that uuder other circumstances the result is 
totally dili'ereut, 

13. Let us take for the solid system a thin circular plate,* attached by its 
centre to the iron wire which supports it, (Fig. 1,) and let us produce the 





adhesion of its lower furface to the upper part of the ma.«B of oil.t Directly 
contact is completely c^ta1>li.shed. tiic oil extends rapidly over the surface pre- 

• Tlio dinmi'ter of ihui wbich I have used is 4 centimetrM. I toentkm thia diameter fvr 
tbe rako of being dcfiuito. It is evident that in our cxoerimeuts tho dimensioti'j of the apptkr 
ratus aro coiupiotdy arbitrary, except that if those dimenaious exceed certain limjt^ Uie 
opo.utious will becomo embarrassing in oonaequenoo of the largo qoantillos of bqnid wluca 

would bo required. .... , , . .. . 

t Iu order that tliis operation may bo effected with lucUitj, tbe saheve ot oil must brst 
remain in the jmmranding liquid beneath tbe central aperture m the lid ; the plate bi lug- tbm 
introduced into lir vessel, wo have nicn-ly to lower it hy mentis of ttip n\i& traversing tha 
Stopper to bring it towards ibo liquid mass. If tbe latter doe* uut oeeuny the positiou in 
qnestion, H most be previously plated there by meaus of a »i>atula covered with Udcd. i>.) 
ft miHt h,' iviiiarh.- l li. re, that mie routact between the plate uud the sphere of Oil does nw 
uauttlly ensue immediately ; a cerium resialance has to bo overcome, analogous to that trcatM 
of in the note lo paiamph 4 of (ho pieoediog memoir; but to overcome tbi>, ilo lu^yuJ 
Bphere nc^A ojily uo gently nio V. d by means of the plate. The slight rasolUng piesMire 
Buou cumsea tbo rupture of thy ubsUM^o and lUe production of 
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eeuted to it; but, what ia rtmnrkabb*, although the prdcautiou haB been taken 
oi' rubbing the whole of the .^y.-*t('m, (§ i>,) that is, the two faces of the plate as 
well as its rim, with oil, the oil terminates abruptly at this rim without passing 
to the other side of the plate* and thus presents a sudden interruption in the 
cnrTAtnre of its surface. In the c:is«' in question, the new figure acquired by 
the mas:-? is a portion of a sphere'. Tlih portion will bo as much larger in pro- 
portion lo the complete sphere as the volume of oil is greater; but the curvattir • 
will always terminate abruptly at the maigiu of the plate. (See Fig. 2, whick 
represents a section of the solid system and the adherent mass in the case of 
three different volumes of the latter*) 

The cause of this siugular iuterruption of continuity is readily understood. 
The rim of the plate reacliiii;r to the .superficial layer, it i.-^ natural that f-'ome- 
tbiug peculiar .should occur ali)ii*( iliis margin, and that the continuity of form 
should cease at that point where a tbreigu attractive action is exerted without 
transition on the superficial layer. 

14. Let us offain make use of the above plate; but instead of presenting one 
of its faces to tlie exterior of the sphere of oil, let US insert the plale edgewise 
into the iutorior of ihh sphere.* Tiie liquid will nccCi'^nrily extend over both 
faces of the solid; aud if the diameter of the primitive sphere were b ss tit ui 
that of the plate, the oil will be seen to form two spherical scgmt iiis upon ihc 
two faces in question, the curvatures of which will still terminate abruptly at 
the margin of the plate. These two segments may be either equal or uuequal, 
according as the edge of the plate has been introduced into the liquid sphere in 
puch a manner that the plane of the plate pa.sscs thron<;^h the centre of the 
sphere or not. I'lu' upper necrmf'nt will be slightly defornuHl by the action of 
tno su:§pending wire; but this eiiect will be less sensible in pnmortion to the 
thinness of the wire in question. Fig. 3 represents the result of the experiment 
with two unequal segments. The discontinuity of the curvatures ia a very 
general fact, which we shall frequently find to recur in the course of our 
experiments; it will hereaiter lead us to very important consequences. 
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l/>. I have repeated the same experiment, sub.-^tituting a plate of an elliptic 
form lor the circular plate. In this, im in the precediug catse, the oil extends 
over both laces of the soMi so as entirely to cover them; and* if the volume of 



• TliiH operation i» perfoimed fullows: The f<ti>|it)er to %vlikli the Hystem of (lie plate is 
AtUkdun] is kept at sooie disuince abovo Uio neck of we central aporture, in such a luoimer, 
however, that the latter is immersed to a snfficient depth in the alcoholic mixture. The 
plato can then bo moved wiili tolerable fieedotn. iiml it i-i cuiKliirtiMl touai'ls the liquid 
maiw For this parposo lLo latter oiu^hi previously to occupy a suitoblo position. Imme- 
diately the Uquio mnas it cut, the pbte is kept still tudil the action is tenninatod, after 
wL'u li the stopper is carefully placrij in iIil- iitck. A procfss tlie rover.'O to tho jML-L-L Jint^ 
may abo bo made use of. The liquid mass is iirst mudu to occupy a position near the second 
aperture, and a sttffinent distance from the axis which passes through the centre of tho cen- 
tral iipt i : tlii'Ti, liiiviug tixed tlie solid system firmly in tbo position wdiii h it is to oi-oii|)y, 
moTo tbo liq^uid moss towards it, and when this has been cut, allow tho action to couiiuue 
anintermptedlj. These processes are also employed in other exponmants, and it is ^<^h 
to have pnintrrl thrtii < < <tu'o. In some cu^l's thu second is the only puK^icabla one. Tbis 
rnaj be cusilj decided upon in muiuug the experiments. • 
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the Bqaid maea is not too great, the cnrvBtures a^n tenomate abrnptly along 
the rim of the phito. By gradoally angmenting the yolnme of the primitiTe 
sphere of oil, without, however, rendering it anffieientlj kurge to allow of the 

maes completolj envelopiiif^ tlin plate «o a? to rctf^in the pphoricnl form, a limit 
IB attained at which tlic i-d^r of the plate ceases to reach the superhcial layer 
of the new figure of equilibrium except at the two summits of the ellipse. The 
diaeontmmty in the curratiueB then only occaiB at these two phicea. Figs. 4 
and 6 ezhihit the reenit of the experiment in thia case. In Fig. 4 the long axi^ 
of the ellipse is presented to view, in Fig. 5 its short axis. 

16. All the facts Avliicl: we hare hitherto dctailcrl ; Imw that so lonp: a? the 
interior of the mat>s is ujoililled its external shape undcrfjoer^ no aUcration ; hut 
that directly the superficial layer is acted upon, the ma^s acquires a diiiereut 
form. To 4Somp1ete the proof, by experiment alone, that the configuring aetiona 

%zerted by the liquid upon itself emanate solely from the superficial layer, the 
only point would then be the poHsibility of reducii^ a liquid mass to it? ?5uper- 
f\c\:A layer, or at least to a tliin jtellicl*-. nricl to sfc if in thi.-< Ftat(> it wonld 
assume the same figure of ( (luilibrium as a ediupietc mass. Now this is com- 
pletely realized in soap-bubbles; for these bubbles, when detached IVuiu the 
tube in which they have been made, assnme, as ia weli known, a spherical fotm, 
i. the same figure as that which we find a complete mass acquires in onr 
apparatus when withdrawn from the action of gravity and perfectly free. 
When the mass adlieres to a Bolid BjBtera. which modifier its ffgnre, it i? clear 
that the entire; contignrative action is composed of two parts, one of whiob 
belongs to the soli<l system ; and we find that this system only exerts it when 
acting upon the anperfidal layer; the other belongs to the Hqnid, and emanatea. 
directly firom the f < } ortiou of this same superficial layer. The facts which 
we have related show clearly what is the ?eat of this 8ecf)nd part of the whole 
confi'^uraiive action, but they do not make us aci^uaiuted with the natnre of 
the forces of which it consibt**. On referring to theory, we find that thes^^ forces 
consist in pressures exerted upon the mass by all the elements of the supcrficia 
layer, pressures the intensity of which depend upon the cnrvatures of the surfiice 
at die points to which they correspond. Hence it follows that the mass is 
pref»?ed upon by ever}' part of its puperficial layer, with an intensity depending 
in the same manner upon the curvatinvs of the snrfice. For instame, a mass 
the free surface of which presents a convex snherieid curvature, will be pressed 
npon by the whole of the superficial layer belonging to this free anrface, with a 
greater intensity than if this surface had been plane ; and this intensity will be 
mote considerable in proportion as the curvature is greater, or as the radius of 
the sphere to which the surface helongs is less. Let ns see whether experiment 
will iea<l us to the same conclusions. 

17. The solid system which we shall employ is a circular perforated plate. 
(Fi^. G.) It is placed ▼ertically. and attached by a point of its circnmference 
to the iron wire which supports it. Let the diameter of the sphere of oil be less 
than that of the plate, and let the latter be made to penetrate the mass by its 

in a direction which doe.^ not j^ass through the centra of the sphen'. At 
first, as in the experiment at paragraph 14, the oil will form two uneqnal 
spherical segments; but matters do not remain in this state. The mofit convex 
segment is seen to diminish gradually in volume, consequenily in canratnre 
whilst the other increases, nntil th(>y have botli become exactly equal. One 
part of the oil then passes through tlie apertnre in ]»late. so as to be trand- 
ferred from one of the segments towards the other, until the above equality is 
attained. 

Let us now examine into the consequences dedocible from this experiment, 
judging from the preceding ones, and independently of all theoretical conridera- 
tioiis* when the oil has once become extended over both surfiices of ^e plate. 
bk such a manner that the superficial layer is applied to every part of the 
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tnacgm of the latter, the action of the solid ByBtem is completed ; and the move- 
laents which snbeequently cnsuo in tbe lipoid maes, to uttaiu the iiguie 
^aililirium, cuu only iheu be due to an action emaDatiug from tbe free part of 
the superticial layer. It is, tberefore, tbe latter wbicb compels the liquid to pass 
tbroufj^h the aperture iu tbe plate ; and the phenomenon mudt nece=!^arily result 
either from a predtiure exertetl by ibat poriiuu of ibe ^upi^rticial layer wbich 
belongs to the most convex segment, or by a traction produced by the portion 
el this same layer belonging to the otbcr segment Oar experiment not being 
alone capable of detenniuiug our cboicc between tbese two methods of explaining 
the effect in question, let n^^ provisionally adop* the first, i. e., that which attributes 
it to pv! r^r^nrc. Iu our experiment, this pre.-jf<urc emanates I'mm the superlicial 
layer ui ilie most curved segment ; but it is easy to see that the superficial layer 
of tibe other segment also exerts a pressure which, alone, is lees than the pre- 
esding* In fact, if for the most curred segment a -^egiut ut less curved than the 
other were substituted, the oil would then be driven iu the opposite direction. 
Hence it follows that the entire t>uperhcial layer of the muss exertd a pressure 
upon the liquid which it eudoses, and that the inteusity of this pressure depends 
uuou the corvatorcs of the free surface. Moreover, as the liquid proceeds from 
dCs most oorred segment to that which is least so, it is evident that in the case 
of* convex sni&oe, the curvature of which is spherical, the pressure is greater 
in proportion as the curvature i:* more marked, or as the radius of the spTiere to 
wbich the Hurtace belongs is t^maller. Lastly, Filice a plane surface may be 
considered as belonging to a sphere, the radius oi which is infinitely great, it is 
evident that the pressure correspoudiug to a convex surface, the currature of 
whieh is spherical, is superior to tbat which would oomspond to a plane suifiwe. 
JJl diese results were announced by theoEj. Thej nenectly verify, then, that 
part of the latter to which they n fcr, and this c*Miroraancc ought now to decide 
in t';ivor of the hypothesis of pn-s.-^ure. This same part of the theory was already 
venUed, iu its appliculiuu to liquids submitted to the action of gravity, by the 
phenomenon of thck depression presented by liquids in ei^illaiy tubes, the walls 
of which tbey do not moisten ; but the series of our experiments, setting out 
with the dements of the theory, and following it step by step, yields far more 
direct and complete verification. Our last exyn-rinu'iit h'.ids us to still further 
consequences. The liquid passing from oue of i:-^ ^ v'ai<iuts to the other, so 
long as their curvatures have not become identical, and the pressures corre- 
sponding to the two portions of the supeificial layer becoming equal to each 
other simultaneously with the two curratnies, it follows^ that the moss onlv 
attains its figure of equilibrium when this quality of pressure is established. 
Wc thu? have a ]>rimary verifieation of the general theory of equiinninm which 
governs our li(|uid ligures, a coudiliou in virtue of which the pressures exerted 
by the superficial layer ought to be everywhere the same. Moreover, it is 
evident that if a superficial layer, having a spherical curvatnre, exerts by itself 
a piesBure, tikis principle must bo true, however small the esrtmt of this layer 
may be supposea to be. It follows, therefore, that an extremely minute por- 
tion of the superficial layer of otir mass, taken from any part of either oi the 
two segments, ought itself to be the seat of a slight pressure; eouse{[ueutly, 
thmi the total pressure exerted by the superficial layer is the result of individual 
Mssuies emanating from all the elements of this layer* This was also shown 
oj theory. Further, following the same train of reasoning* we see that the 
intfilflity of each of the minute individual pressures ought to depend upon the 
curvature of the corresponding element of the layer, which is also in conformity 
with theory. Lastly, us in a state of equilibrium the two segments belong to 
spheres of equal radii, the curvature is the same iu all points of the suHooe 
of the ipass ; whence it follows that all the minute elementary pressures are 
e^pal to each other. The general condition of equilihrinm (§ 6) is, therefore, 
pedbetly verified in the instance of our experiment 
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18. The principle of the raperficial layer, applied to the preceding experi- 
ment, allows of the latter being modified in sucfi a manner as to obtain a nery 
remarkable result. When the fifnirc of cqtiilibrium is once attained, the per- 
forated plate acts upon the Bup*;rlicial layer by its external border only. The 
whole of the remainder of this plate then exerts no influence upon the figure in 
question. Henoe it follows that this fignre would still be the eame if the aper- 
ture were enlarged* only the greater the diameter of the latter the less time is 
requirfcl for the cftnblipbment of the equality bctwcfn tlio two cnrvatnree. 
Lastly, we ought to be able to enlarge ^e aj)C'rtiire nearly to the margin of the 
plate without changing the figure of equilibrium ; or, iu other wordt*, to reciuee 
die solid system to a simple ring of thin iron wire. Now* this is confirmed by 
•experiment; but, to pat it in execution, we cannot confine ouraelTes, a 1 i>>re. 
to niakiiig the .«oliJ FVPtom penetrate a Fphcre of oil of lp^^i5 rlininotcr than that 
of this i?iimc syytein. aud subsequently to allow the molocuhir forces to act, be- 
cause the metallic wire, on account of its small extent of surtace, would not 
exert a sufficient action upon the svp^eial layer to eanse the liquid to extend 
so aa to adhere to the entire snrfsuse of the ring. The mass woold then lenaiB 
traversed by part of the latter, and its spherical form would not be sensibly 
altered if the metallic wire were Fmall ; the liquid surface wonhl m^'roly be 
slif^htly raifod upon the wire iu the two small spaces at which it issued from 
the mass. To speak more exactly, under the circumstauces in question two 
figures of cqnilibrimn are possible. One of these difl^ers bnt very slightly finym 
^ the sphere; it is not symmetrical with regard to the ring, one part of.whicb 
traverses it whilst th(> other part remains free. TIh' sf^eond figure ip perf* rtly 
symmetrical asregaids the riri>r. and completely embraces it* margin; its surface 
is composed of two equal spherical curves, the margins of which rest upon the 
ring ; in other words, it constitutes a true doubly convex lens of equal cmT*- 
tuxes. This is the figure which it is our object to obtain. For this purpose 
we first give the sphere of oil a diameter slig;htly greater than that of the 
metallic rin^r ; we then introduce the latter into the mass eo that it is com- 
pletely enveloped; lastly, by means of the small glass syringe, (§ 9,) some of 
the liquid is gradually removed from the mass.* As this diminishes in volume, 
its surface is soon applied to every part of the margin of the ring, and the 
Toltime continuing to oiminish, the lenticular form becomes manifest After- 
wards, by withdr ^vinp: more of the liquid, the cun'atnres of the two surfaces 
may be reduced to iliat decree which is considered pnitr)t)le. In this way a 
beautiful double convex Icub ia obtained, which is entucly liquid except at its 
circumference. Moreover, in consequence of the index of xefiractloii of the 
olive oil being mucli - c ater than toat of the alcoholic mixture, the lens in 
question possesses all the properties of converging lenses ; thus, it magnifies 
objects seen through it, nvf\ this magnifying power may be varied at plea««UTe 
by removing some ot the liquid from, or adding more to, the mass. Our figure, 
therefore, realizes that which could not be obtsined with ghns lenses, «. e., it 
fonns a lens, the curvature and magnifying power of which are variable. Tlie 
diameter of that which I formed was 7 centimetres, and the thickness of the 
metallic wire was about ^ a millimetre. A much filler wire might have been 
used with the same success ; but the apparatus \\ ould then become inconve- 
nient ou account of the facility with which it would be put out of shape. By 
operating with care, the curvatures of the lens may be mminished so as ahnost 
'to make them vanish ; thus I have been enabled to reduce the lens whidb I 
formed, and the diameter oi wliich, as I have stated, was 7 centimetres, to 
such an txtenf that it was only 2 or 3 millimetres in thickness, llcnco wc 
might presume liiat it would be possible to obtain, by a proper mode of pro- 

' Tbo point of the instrnmeat Is introdneed into ths tmssI thnmch thsseeondapefton la 
the Ud. B 
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ceeding, a layer of oil with plane faces. This is, in facti confirmed by cxpe- 
iknce. A8 we ^all see farther on. 

19. To render the curvatures of the liquid lens very slight, the point of die 

syringT mn?t natumlly be npplicd to the middle of the lent*, because the maxi- 
mum of thicknc.-iS exists there. Now, when a certain limit has been attnined, 
the masd tuddeuly becomes divided at that point, and a curious phenomenon is 
produced. The liquid rapidly retires in every direction tovarda the metallic 
ciretimferenee7tuid formi a beantifal liquid ring along the latter; bat this ring 
deed not last for more than one or two seconds* after which it spontaneously 
resolves itself into pcveral small, almopt spherical ma5«f!rf5,adherin;r tovariou- parts 
of the ring ol" iron wire, which passes through tliem like the beads of a necklace. 

20. The reasoning which led us, at the commencement of paragraph 18, to 
reduce the prixnitive solid Byetem to a simple metallic wire representing the line 
in 1^ direetion of which this syetem is met by the superficial layer belonging 
to the new figure of equilibrium, may he generalised. We may conclude that 
whenevor n ^>A}'} -yetem introduced into the mnP9 i? not met by the superficial 
layer of ilu' ligiirc produced, excepting in the direction of small lines only, pim- 
ple iron wires, representing the lines in question, may be Bubt»titutcd for the 
mMd. system employed. But if the volume of the primitiTe solid system were 
eonriderable* it would evidently be reqnisite to add to the mass of oil an equiva- 
lent Tolune of this liquid, to occupy the place of the solid parts suppressed. 

There is, however, an exception to this principle ; it occur? wln n the solid 
system separates the entire maes into isolated portions, sib in the experiment of 
paragraph 14 ; for then these portions assume iigures independent of each other, 
and which may correspond to different pressnres* In this case the snppreesion 
of one portion of the solid system would place the figures primitively isolated 
in communication, and the inequality of the pressures would necessarily induce 
a chanpre in the whole fif^ure. P^xcluding tiiis exception, the piinciple is gen- 
eral, and tlie result of it is that well-developed effect? of confipruration may be 
obtained on employing simple iron wires instead of solid systems. The experi- 
ment of the biconvex lens ramishes one instance of this* and we shall meet with 
a great many others hereafter. Nevertheless, to be enabled to comprehend the 
influence of a simple metallic wire upon the configuration of the liquid mass, it 
is not rt qnisite to consider this wire as substitntcd for a complete solid f»yptem; 
it may also be con.-^idcrcd by itself. It is, in fact, clear that the solid wire 
acting by attraction upon the superficial layer of the mass, the curvatures of 
the two portions of the snrface resting upon it ought not to have any ftirther 
relation of continuity with each other. The metallie wire may, therefore, de« 
termine a sudden transition bctwren tbr«e two portions of the surface, the ciii-v- 
atures of which will tei-minato abruptly at the limit which it places to them. 
The principles which we have established ought undoubtedly to be considered 
as among tlie most remarkable and carionB consequences of the principle of the 
snperficial layer, and one cannot avoid being astonished when we 
see tiie liquid maintained in such 'different forms by an act ion ex- 7. 
ertcd upon the extremely minute parts of the superficial layer of 
the mass. 

21. We have experimentally studied the iulluence of convex, 
surfaces of spherical curvature ; let us now ascertain what experi- 
ment Is able to teach us in regard to plane surfaces and concave 
surfaces of spherical curvature. Let us take for the solid system a 
hirt^c strip of iron, curved circularly po af to form a hollow cylinder, 
and attached to the suspending; iron wire by some ])()int on its outer 
surface, (Fig. 7.) To prevent the production of accessory phenomena 
in the experiment, we shall suppose that the breadth of tne metallic 
band is less than the diam* ter of the cylinder formed by the same band, or that it 
isot least equal to it. Make the mass of oil adhere to the internal suifiice of this 
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system, and let us suppose that ihe Uqnid ifl in aoffieieiit quantity then to prajed 
outside the cylinder. In thid case the mass will present on each side a convex 
surface of spherical curvature, and the curvatures of these two surfaces will be 
equal. This figure is a const (jucuce of what \vv have previously scon; and we 
must not stop here, fur it will ^crvc us as u sUrtiug |>oiut in obtaining uiher 
6gtiieB which we require. Appl^^ the point of the eytmge to one of the abovs 
eonvex smfaceB, and gradually withdraw some of the liquid; the enr^iatuves of 
the two surfaces will then gradually diminish, and with care they may be ren- 
dered perfectly plane. It follows from thi.^ first residt that a plane surface is 
also a Furlacc uf equilibrium, wliieli is evidently in conformity with theory. Let 
US now apply ihu end of ihe syringe to one ot thesu plane surfaces, and again 
lemoTe a email quantity of liquid. The two BUifiuee will then become simnl- 
taneonely hollow, and will form two concave surfaces of epherical cu rvalue, tli0 
margins of which rest upon the metallic band, and the curvatures of which are 
the same. Finally, by the further removal of the liquid, the curvature.s nf the 
two surfaces become greater and greater, always remaining equal to eaeli other. 

Hence it results, first, that concave surfaces of spherical curvature are siill 
anrfbeeB of equilibrium, which is also in accordance with theory. Moreover, ai 
the plane surface left free ainks Bpontaneously as eoon as that to which the in- 
strument is applied becomes concave, it mut<t ]i' rnncluded that the superficial 
layer belonging to the former exerts a pressure; whu h is counterbalanced by an 
(Mjual force emanating from the opposite superficial plane layer, but wiiich ccasca 
to be so, and which drives away the liquid as soon as this opposite layer com- 
mences to become concave. Again, as farther abstraction of the liquid detei^ 
mines a new rupture of equilibrium, so that the concave eurfac<^ opposite to that 
upon which ^^ e directly act exhibild a new spontaneous depn ti.sion when the 
curvature of the other surface increases, it follows that iho concave superficial 
layer belonging to the former still exerted a pressure, which at first was neutral- 
ized by an equal pressure arising from the other concave layer, but which be- 
comes prenonderantt and again drives away the liquid* when the curvature ef 
this other layer is increased. 

Uence it follows, first, that a plane surface produces a pressure upon the 
liquid; gccond, that a concave surface of ppherical curvature al.-o produces a 
pressure; third, that the latter is inferior to that corresponding to a plane :5urfape; 
fourth, that it is less in proportion as the concavity is greater, or that the radins 
of the sphere to which the surface belongs is smaller. These results were sJa» 
pointed out by theory, and had already been verifieil in the application of the 
latter to liquia.s jsubmitted to the action of gravit}-, by the phenomenon of the 
elevation oi a liquid column in a capillary tube, the waiht of which are moij^teaed 
by it. 

Reasoning upon these ftcts, as we have done at the end of pangraph 17 in 
regard to convex suflaces of spherical cdrvature, we shall arrive at the conohi-. 
sion that the entire pressure exerted by a concave superficial layer of spherical 

curvature the result of minute individual pro<»f»ure9 arifing from all tlie elements 
of this layer, and thai the intensity of each of these minute pressures depends 
upon'the curvature of that clement of tlic layer firom which it cmauatea. Our 
last experiment, therefore, perfectly verifies tMt part of the theoiy whidi reUtsi 
to plane and convex surfaces of spherical curvature. Listiy, in the state of 
equilibrium of our liquid figure, the cnrvature being the t^amo at all points of each 
01 the two concave surfaces, it is again evident that all the minute elementary 
pressures are eqiial to each other, which gives a new complete verification uf 
the general coudiUou uf equilibrium. 

28. The figure we have just obtained constitutes a biconeave lens of equal 
curvatures, and possesses all the properties of diverging lenses, i. c, it dindii- 
ishes objects seen through it. Sec. Moreover, as the curvature of the two sor- 
fiMcamay be increased or diminished by as small degrees as is wished* it foUowa 
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that wc tboa obtain a diverging lenB» the corTatare and actioa of which are 
variable. 

33. Now let ti8 suppoBe that we have inereaBed the cuiratiires of the lens 
until the two surfaces nearly touch eaeh other hj their summits.* We mieht 

presume that if the removal of the liquid were continucrl, the mass would be- 
como disunited at that point at which this contact took place, and that the oil 
would recede in cverjir direction towards the uicLuilic band. This is, however, 
not the ease ; we then observe in the centre of the fisare the formation of a 
small sharply defined circalar space, throng which o^ecto no longer appear 
dimiuislied, and wc nasily rocofjnizc tliat tni=' minntc space is occnpiL'tl by a 
layer of oil with plane facc.^. If the removal of tliu liquid be gradually con- 
tinued, this layer increases more and more in diameter, and may thus be ex- 
tended to within a tolerably short distance of the solid surfiice. In my expeii- 
menti the diameter of the metallic cylinder was seven centimetres, and I'havte 
been «iablcd to increase the size of the layer until its circumference was not 
more than about five millimetres from the pnlid surface ; but at this instant it 
brolce, and the liquid of which it consir^tcnl rapidly receded towardp that which 
fcLiIi adhered to the metallic baud. The fact which we have jut*t described is 
vetjr remarkable, both in itself and in the singnlar theoretical consequences to 
which it leads. In fiteti that part of the mass to which the layer adheres by its 
margin prrf^ents concave purfacc?, whilst tho<e of the layer are plane; now the 
existence of such a system of f-nrfaces in a continuous liquid mass seems iu op- 
position to theory, since it appears evident that the pressures cannot be equal 
m this case. But let us investigate the question more minutely. 

24. According to theory, the pressure corresponding to any point of the sur* 
face of a liquid mass, as we have seen, (§ 3,) is the integral of the pressures 
exerted hy each of the molecules composing a rectilinear line perpcnaicnlar to 
the Burlacc at that point, and equal in length to the radius of the sphere of 
activity of the molecular attraction. The analytical expression of this integral 
contains no other variables than the radii of the greatest and of the least curva- 
tnre at the point under consideration, (§ 4,) consequently the pressure in 
question varies only with the curvatures of tlu' surface at the same point. This 
is rigorously true when the liquid is of any !!ot;d)le tiiickne^*? ; but we Bhall 
show that in the case of an extremely tlnu layer of liquid there is another 
element which exerts an Influence upon the pressure. Let lis conceive a liquid 
layer, the thickness of which is less than twice the r<adius of the sphere of sen* 
foible activity of the molecular attraction. Let each molecule be conc< ivc l to 
be the centre of u small ejdiere with this f^amc radius, (§ 3,) and let us lirst 
consider a molecule situated in the middle of the thickness of the layer. The 
little sphere, the centre of which is occupied by this molecule, will be intersected 
by the two surfaces of the layer, consequently it will not be entirely full of 
liquid; but the segments suppressed on the outside of the two surfaces being 
equal, tin molecule will not oe more attracted perpendicularly in ni5c direction 
than iu tli<! other. Now let a small nght line, normal to and lerminaiing at the 
two surfaeerf, pass through this tame molecule, and let us consider a second 
molecule situated at some other point of this right line. The little sphere 
which belongs to the second molecule in rjucstion may again be intersected by 
the' two stn-faccs of the layer; but then the two snppre<sed J^epn(>nt^ will be 
unequal; the molecule will consequently be fjubjecled to a preponderating at- 
traction, evidently directed towards the thickness of the layer. The molecule 
will then exert a pressure in this direction, and it must be remarked that this 
pressure will be less than if tho liquid had anpr notable thickness, the molecule 

• To offi i t tills opomtion, tlio point of the syrin^r mtiHt not bo placed in tho middle of the 
figure, tt» iu tiio caau ol tho doubly convex leus; but, on the contrary, near the metallic 
band, ss Ibis is mm the point whese the greatast thlckiuss of the liquid exista.. 
16 8 
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being situated at the samo difltanee from the mutuee ; for in the latter case tbe 

little sphere would only ruf on nno pide, and it-* opposite part "u-ould be p€r» 
feetly full of liquid. It mif:;lit al<o happen that tl)o little .-phero bolimging to 
the molecule iu questiou in the thin layer ia only cut on one side ; the molecule 
will then etill exert a pressnre in the same direetiout bnt its intenaitr will then 
be as great as in the case of a thick mass. It is easy to see that ii tlie thick* 
nosi of the layer is less than the simple length of the radius of the raolenilar 
attraction, the little ?pheres will all he cut on both side?; wliil^t if the thickiKi»* 
in question ia couipritsed between the length of the above radius ai\d twice thi^ 
same length, a portion of the minute spheres will be cut on one side only. In 
both cases the pressure exerted by any molecule being alwavs dureded tomwds 
the middle of the thickness of the layer, it is evident that the integral p ic s antc 
corrc-'pondinf:; to any point of oitlicr of tlie two surf-ioi-s will be the result of the 
prcf^sures individmUly exerted by rach of those molecules, which, commencing 
at the poiut in question, are arranged upon half tlic kugth of the small perpen- 
dicolar. Now each of the two halves of the small perpendicniar being leaa than 
the radius of the sphere of activity of the molecular attmction, it follows that 
the number of rnoh culcj^ composing the line which exerts the integral pressure 
is lesif than in the case of a thick nrass. Thu.'*, on the one hand, the inten«*itie« 
of part or the whole of the elementary pressures composing the integral pres- 
sure will be less than in the case of a &ick mass, and, on the other handf, the 
number of these elementary pressures will be less ; from this it evidently follows 
that the integral pressure will be inferi<;r to that which would occur in the case 
of a thick mass. P always denotinj*^ the prnp?ui*e corresponding to any point of 
a plane surface belonging to a thick ma.-^s, (§ 4,) the pressure corresponding 
to any point of either of the surfaces of an extremely thin plane layer will there- 
fore he less than P. Moreover, this pressure will he less in proportion as the 
layer is thinner, and it may thus diminish indefinitely ; for it is clear tbat it 
wonid be reduced to zero if we supposed that the tluckness of the layer was 
equal to no more than that of a simple molecule. 

We can obtain liquid layers with curved surfaces ; soap-bubbles furnish an 
example of these, and we shall meet widi others in the progress of this investi- 
gation. Now by supposing the thickness of such a layer to be less than twice 
the radiuR of the molecular attraction, we should thus evidently arrive at the 
conclusion that the corrc-^pondin}; pressures at either of its two surfaces wnuld 
be inferior in intensity to those given by paragraph 4, and that, moreover, these 
intensities ave less in proportion as the layer is smaller. We thus arrive at the 
following new principle : 

In the caxc of every liquid layer, the thicknut of which i» leu than twice (he 
radius of the tjthere of activity of the mohcrtfar attraction, the pressure wiU not 
depend solely vjton the cwraturet of the swj'acest but will vary with Ute thtck- 
ne*4 of the layer, 

25, We thus see that an extremely thin plane liquid layer, adhering by iU 
edge to a thick mass the surfaces of which are concave, may form with this mass 

a system in a sfato of oqnilibriun) ; for wo may always suppose the thicku»^*« 
of the layi r to be of such "value that the pnssur(> corresponding to tho plane 
surfaces of this Inyer is equal to that corresponding to the concave surfaces of 
the thick mass. 8nch a system is also very remarkable in respect to its fonn, 
itiai«much as surfaces of different nature, as concave and plane surfaces, sue* 
Cf ed each other. 'I'his heterogeneity of form is, moreover, a natural consequence 
of the ( harige which the law of pressures undergoes in passing from the thick 
to the thin part. 

26. As we have already seen, theory demonstrates the possibility of tin ex- 
istence of such a system in a state of cqtulihrium. As regards the experiment 
which has led us to these considerations, although the result presented by it 
tends to realize in an absolute manner the theoretical result, there is one cireum> 
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stance which ia unfavorahle to the cninplction of this rcah'zation. We can un- 
derstanfl that the relative mobility ot tlic molecules of nil is not eufficiently 
great to occaBiou the immediate formation of the liquid layer with that exceseive 
tenuity which is requisite for equilibrium ; the thickness of this layer, although 
▼ery miiiiite, absoliitely speaking, is undoubtedlyf daring the first moments, a 
considerable multiple of the theoretical thickness. If, tlien, we produce the 
Hyer without extending it to that limit to wliic li it is capable of increasing 
during the operation, and afterwards leave it to it5*elf, the prcgaurc correspond- 
ing to its plane surfaces will still exceed that correspondiu'' to the concave 
snrfiices of the remainder of the liquid system. Hence it foUows that the oil 
within the layer will be driven towards this other part of the system, and that 
the thickness of the layer will progressively diminish. The equilibrium of Uie 
figrnro will then be apparent only, and the layer will in realily h- the seat of 
continual movements. The diminution in thickness, however, will be effected 
slowly, because in so confined a space the movements of the liquid are neces- 
sarily restrained; this is why, as in the experiment in paragraph 17, the mass 
only acquires its figmce of eonilihrium slowly, because there is a cause which 
impedes the movements of the liquid. The thickness of the layer grAdnally 
approximate^! tn the theoretical value, from which the eqnilibrinm of the system 
would result; but unfortunately it always happens that before attainini^- this 
point the layer breaks spontaneously. This effect depends, without doubt, 
upon the intonal moToments of which I liaye spoken above. We can imagme, 
in fact, that when the layer has become of extreme thinness, the slightest cause 
is sufficient to determine its rupture. The exact fissure which corresponds to 
the equihbrinra is therefore n limit towards which the figure produced tends; 
this limit the latter a])pruaclj - \ ' ry nearly, and would attain if it were not itself 
previously destroyed by au extraneous cause. 

Our experiment has led us to modify the results of theory in one particular 
instance ; hut we now see that, far from weakening the principles of this theory, 
it furnishes, on the contrary, incomplete as it is, a new and striking verification 
of it. The conversion of the doubly concave lens into a pyf^tem comprisinp: a 
thin layer \a connected with an order of general facts : w<> sliall pec tliat a large 
number of our liquid figures become transformed, b^ the gradually produced 
diminution of the mass of which they are composed, mto systems consisting of 
iayen, or into the composition of which layers enter. 

27. If by some modification of our last experiment we could succeed in ob- 
taining the equilibrium of the liquid t!yt?tem, we might be able to deduce from* 
it a re.-;ult of great interest — au indication of the vahie of the radius of the 
sphere of activihr of the molecular attraction. In fact, we might perhaps find 
out some method oif determining the thickniess of the layers ; these might, for 
instance, then exhibit colors, the tint of which would lead us to this determina- 
tion. Now wo have seen that in the state of equilibrium of the figures, half the 
thickness of the layer would be less than the mdiup in question ; hence we 
should then have a limit above which the value of this same radius would exist. 
In other words, we should know that the molecular attraction produces sensible 
effects, even at a distance from its centre of action beyond diis limit. Our 
experiment, although insufiicient, may thus' be considered as the first step 
towards the determination of the distance of pensiblr activity of tlio molecular 
attraction, of which distance at present we know nothing, except that it is of 
extreme minuteness. 

28. Lct^us now return to tl)e consideration of thick masses. It follows from 
the experiments related in paragraphs 13, 14, 17, 18, and 81, that when a con- 
tinnoos portion of the surface of such a mass rests upon a circular periphery, 
this Kur^ice is always either of spherical curvature or plane. But to admit this 
principle i!i all its generality, we must be ablfj to deduce it from theory. Wo 
shall do this in the following series, at least on the supposition that the portion 
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of the Buftioe in queetion is a 8al■fiu^e of revolution. We ehall then see that 
tbif pnme principle is of great importance. \Ve may remark here that in the 
expi riment in paragraph 23 the layer commences to appear as soon as the 
surfaces cau uo longer constitute spherical segments. Now we shall agaiu find 
that in the other eases, when a nul figure £ eonyerted, hj the giadual with> 
drawal of the liquid, into a system composed of layers, or into the composition 
of which layers enter, the latter begin to be formed when the 
figure of cfjniiibrium, which the ordinary law of ]>ros8ures would 
determine, ceases to be possible. The mass then uissumes, or 
tends to assume, another iigurc, compatible with a modlfieatiaB 
of this law. Such is the general principle of the Ijannadon ef 
layers under the circumstances in question. 

29. Aftf-r liaving formed a converging and a diverging liquid 
leus, it appeare<l to me curious to combine these two kinds of lens» 
80 aa to form a liquid telescope. For this purpose, 1 first sabsti* 
tnted for the ring of iron wire, in paragraph 18, a ciranlar pkH 
of the same diameter, perforated by a large aperture. (Fig.8p) 
Thif? plate having been turned in a lathe, I wa? certain of its bein«r 
perfectly circular, which would 1m> a very difficult condition to fulfil in the eswi '1 
a simple curved iron wire, iu the second place, 1 took for the sohd port of ibi 
donbly concave lens a hand of abont two eentfmetres in breadth, and enrved 
into a cylinder three and a half centimetres in diameter. Theae two systems 
weie arranged aa in Fig. 9, in snch a manner that the entire i^ppaiattts bsiog 






anspended vertieally in the alcoholic miztnre by the iron wire a, and the two 
liquid lenses being fonned, their two centres were at the same height, and tea 

centimetrei* disUmt from each other. In this arrangement the telescope cannot 
be ndjuHted l>y altering the dinffincc lietwt>en the objective and the eye-piece; 
but this end it* attained by varying tlie curvatures of ihctc two lenses*. With 
the aid of a few preliminary exjK-rinients, I easily managed to obtain an excel* 
lent Galilean telescope, magnifying distant objects about twice, like a common 
opera-glasr<, and giving perfectly distinct images with very little irisatioa. 
Fig. 10, which represents a section of the system, shows the two lenses com- 
bined. 

Figmra of e^^mUMim ttrmmaied hy ploM 9urface». Liquid polyhtin. 

30. la the experiment dcttuled at paragraph 21, we obtained a figure pre- 
senting plane surfaces. These were two iu number, parallel, aud bouudcd by 
nreolar peripheries; but it is evident that these oonditionB an not necusMiy 
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In Ofder to aOov tolane BurfiMtt to belong to a liquid man in eqnilibifiim. We 
ean imdentand tnat the foniis of the «olid eontoara miglit bo indifferent, pro- 
vided thny constitute plane figures. We can, moreover, understaDd that the 
namber and the relative directions of the plane Burfacea may be a matter of 
indifference, because these circumstances exert no influence upon the pressures 
whieh coneepond to tiiese snrfiMses, premoiea wUcb will always renuun equal 
to each otlier. Lastly, it follows from the prindple at which we arrived at the 
end of paragraph 20, relative to the influence of solid wires, that for the estab- 
lishment of the transition between a plane and any other surface, a metallic 
thread representing the edge of the angle of intersection of these two surfaces 
will be sufficient. We are thus led to the curious result, that we ought to bo 
able to fona polyhedia, which aie entiiely liquid excepting at their edges. 
Now, thia Is completely yorified by ezpoiment If for the solid system we 
take a framework of iron wire representing all the o Il'^^^ of any polyhedroui 
and wc cause a ma-js of oil of the proper volume to adhere to this framework, 
we obtain, in iact, iu u perfect manner, the polyhedron in question ; and the 
cnrioos spectacle is thus obtained of parallelopipedonSt prisms, composed 
ni oU, and the only solid part of which their edges. 

To 'produce the adhe:*iou of the liquid mass to the entire framework, a 
vol Time is first given to the mass slightly larj^'cr than that of the polyhedron 
which it is to form ; it is then placed in the framework ; and, lastly, by means 
of tbe iron spatula, (§ 9,) which most be introduced by the second' aperture of 
the lid of the vessel, and which is made to penetrate the mass, the latter is 
readily made to attach itself successively to the entire length of each of the 
solid edgf>f'. The excfHHi of oil is then gradually removed with the s?yringe, 
and all the surf^ices thu:^ become simultaneously exactly plane. But that this 
end be attained in a complete manner, it is clearly requisite tliat the 
eqaflibnnm of density between the oil and the alcoholic mixture should be 
perfectly established; and the slightest difference iu this respect is sufficient to 
alter the surfaces sensibly. It should also be borne in mind that the nuinipa- 
lation with the spatula pometimes occasions tlie introduc- 
tion of alcoholic bubbles into the interior of the mn&a of 
oil. These are* bowever> easily removed by means of the 
syringe. 

31. Now, having formed a polyhedron, let us see what 
will* happen if wc gradually remove some of tho liquid. 
Let us take, for instance, the cube, the solid framework of 
which, with its suspending wire, is represented at Fig. 11.* 
Let the point of the syringe be applied near the middle of 
oneof the faces, and let a small quantity of the oil be drawn 
up. All t]i<' faces will immediately bi-eouie depressed simul- 
taneou.-ly and to tho same extent, so that the buper- 
iicial riquaie contours will form tho bases of six similar hollow figures. We 
should We imagined this to have been the case fi>r the maintenance of equality 
between the pressures. 

If fresh portions of the licjuid are removrd, the faces will become more and 
more hollowed; but to understand what Ii.li jm us when this manipulation is 
continued, we must here enunciate a preluumary propo^iition. buppose that a 
square plate of iron, the sides of which are of the same length as the edges of 
the metellie firame, is introduced into tbe vessel, and that a mass of oil equal 
in volume to that which is lost by one of the facts of the cube is placed in con- 
tact with one of tbe faces of this plate; I $ay that the liquid, after having 
beoome extended upon the plate, will preseut iu relief ihe same figure as the 











/ 



* "Ho edges of all the £taiDM which I used were 7 centimiitres in length. 
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fiice of the modified vahe presents in intaglio. Then, In fiict/ln passing from 

the holIo'A- : nrfirc to that in relief, iVip radii of cnn'.itnre corresponding to each 
point wiii only cliatigc tbeir »\gns without chair^'inL' iu absolute valno ; conse- 
quently, (§ 8,) since the coudition of equilibrium is satisfied as regards the first 
of these Biufaoes, it will be equally so with Kgwd to the aeoond. 

Now, let us ima^ne a plane passing through one side of thejplate, and tan- 
gentially to the surflicc of the liquid which adheres to it at that point. As 
long a8 tliis liquid is iu small quantify, we should imagine — and experiment 
bears us out — that the plane in questiou will be strongly iuclined towards the 
plate ; but if we gradually increase the quantity of liquid, the angle comprised 
Between the plane and the plate will also continae to increase, and instead oC 
being acnte, as befMe, will become obtuse. Now, bo long as this angle is lees 
than 4.5^, the convex snrfaeo of tlie liquid ndboring to tlio pl:ite will remain 
identical with the concave isurtcices ot tLie maj?s? ultached to the metallic frnvnt^. 
and suitably diminished ; but beyond this limit, the coexidteuce iu the iiuLae 
of the six hoUow identieaJ snrfiM^es with the Aurfiue in relief becomes evidently 
impossible, for these surfaces must mutually intersect each tli r. Thus, whan 
the withdrawal of tlio liquid from the mass f( rming the cube is continued, a 
point is attained at which the figure of equilibrium cfa^-ps to be leulizaLle in 
accordance with the ordinary law of pressures. Wc thcu meet with a new 
rerification of the principle enunciated m § 28, t. e., that the fbrmatioii of 
laven commences. These layers are plane ; they commence at each of the 
wues of the frame, and connect the remainder of the mass to the latter, which 
continues to present six concave surfaces. In fact, we can imagine that, by 
this modification of the liquid figure, the exiateucc of the whole of this in the 
meiailic irame again becomes possible, as also the equilibrium of the system ; 
for there is then no fbrther imnediment to the concave surfaces sssoming tluil 

form whicn accords with the ordinary law of prcssnreo; 
and, on the otlu r hand, in supposing the layers to be suffi- 
cieutly tlihi, tlir jiret^sare belonging to them might bo 
equal to thai wiiich corresponds to these same concave ear- 
faces, (§ 25.) 

On re moving Still ftirther portions of the liquid, the layer 

will continue to enlarge, whilst the full mass which oc- 
cupies the middle of the tigure will diminifjh in volume, 
and this miia& can thus be reduced to very minute dixnen- 

\ I N sions : Fig. 12 represents the entire system in thb latter 

\ / state. It is even possible to make the little central nwm 
disappear entirely, and thus to obtain a complete laminar 
system ; but for this purpose certain precautions must be taken, which I 
shall uow poiut out. When the ceulral mass has become sufficiently small, 
the poiut of the syringe must first be thoroujjh^ wiped ; otherwise the oU 




adheres to its exterior to a certain height, and this attraction keena a . . 

tain quantity of oil around it,* which the instnunent canuot absorb intoiti 
interior. In the second place, the point of the pyringc muist be depre^jed to 
euch an extent that it nearly touches the inferior surface of the little mass. 
Duriug the suction this surface is then seen to become raised, so as to touch 
the ormee of the instrument* and the latter then absorbs as much of the alco- 
holic mixture as of the oil ; but this is of no consequence, and the minute mass 
is seen to diminish by degrees, po as at la.-^t comi)letely to disappear. The 
system, then, consists of twelve triangular layers, each of which commences at 
one of the wires of the frame, and ail the summits of which unite at the centre 
of the figure ; it is represented in Fig. 13. But this system is only formed 
during the action of the syringe. If, when this is complete, the point of tba 
instroment is slowly withdrawn* an additional lamina of a square ^Mm is 
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to be developed in tbc contre of the fifrnre, (l ig ^ 1 1 Tlii?, tlien, the defiiii- 
tive lamiuar eystem to wMch the liquid cube is reduced fehc gradual dlxuiaa- 
turn of its mass. 




32. In the preceding experiment, as in that of parriprraph 23, the thickness 
of the layers is at first greater than that which would correspond to equilibrium. 
If, then, the sj'Btcm were lelt to itself whilst it still oontaius a central mass, we 
sboold imagine that one pordon ef the liqtdd of the Inyen would be elowljr 
diiven tow^s this mass, and that the lajen would gradually become tblaner. 
Moreover, it always happens that one or the other of the latter increases after 
some time, undoubtedly for the reason which we have already pointed out, 
(§ 26.) Hence, for the perfect success of the transformation of the cube into 
the lamiuar system, one precaution, which has not yet been spoken of, must be 
attended to. It Mmsists in the circanistanee that* from the instaot at wbieh 
the layers arise, the exhaustion of the liquid must be continued as qmckly as 
possible until the central Tn;is^ has attained a certain degree of minuteness. In 
fact, as soon as the formation of the layers commences, their tendency to 
become thinner also begins to be develupea ; and if the operatiou is effected too 
slowly, the system might break before it was completed. When the central 
mass is sufficiently rcaiiced — and experience soon teaches us to judge of the 
Buituble point — the action of the syringe must be gradually slackeui^ and at 
last the other precautions which wo have meutioneii must be taken. 

We arc able, then, to explain the mpture of the layers so long us there is a 
large or small central mass ; but wben the laminar system is complete, we do ' 
not at the first glance see the reason why the thickness of the layers diminishes, 
and consequently why destruction of the system takes place. Ncvertht less the 
rupture ultimately takes place in this as in the other case, and the time during 
which the system pen^ists rarely extends to half au hour. In ascertaiuing the 
cause of this phenomeuou, it must bo remarked that the intersecUons of the 
different layers cannot occur suddenly, or be redneed to simple lines: it is 
evident that thr Bee transiUon between two liquid surfaees conld not be thus 
established in a discontinuous mmin»^r. These transitions must, thereforr, be 
effected through tlie intermedium <if miuute concave surfaces, and with a little 
attention we can recognize that, iu tact, this really takes place. We can then 
nnderstand that the ou of the layers onght also to be driven towards the places 
of junelion of the latter; and consequently the absence of the little central 
mass does not prevent the gradual attenuation of the layers^ and the final 
destruction of the system. 

33. if, during the action of the syringe, when the system shown in Fig. 13^ 
has been attained, instead of slowly withdrawing the instrument, it is suddenly 
detached by a slight shake in a vertical direction, the additional layer is not 
d('velop(;d ; but the litUe mass in Fig. 12 is seen to be reproduced very rapidly. 
This fact coTifums in a remarkable manner the explanation which wo have 
given iu the preceding paragraph. In fact, at the moment at which the point 
of the instrumcut is fccpiirated from the system, the latter may be considered 
as composed of hollow pyranuds. Now it also fbllows, from causes relating to 
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their coutinuiiy, that the sumiuitB of tbeee pjraiuida uliuuid uot cooBlituie sim- 
ple poiutt. but little eoiieaire smflLoee* But as the ettrrafenfes ef theee nunnte 
snrfaGes are very great in every direetioii> they would give rise to still far leas 

pressure than those which c^taMish the tranpitiong between each pair of -tTr- 
faces of the layers ; for in tlie latter there is no curvature in one direction. 
The oil of the layeia will, therefore, be driven with much greater force towards 
the centre of the figure than towards the other parts of the junetiona of these 
layers. Again, the twelve layers terminating in this same centre, the oil flows 
there simultaneously from a large nnmber of sources. These two concarrent causes 
ought then, in conformity witlt experiment, to produce the rapid ronppearance of 
the pmall central ma.^H ; and we can understand why it is impossible to obtain the 
complete system of tlic pyramids otherwise than during the action of the syringe. 

34. All the other polyhedric liqaida become transrormed, like the cube, into 
laminar systems when the mass of which they are composed ia gradually 
diminished. Among tho?f^ ^vstrms pome arc complete; tlip o'licrs ?till contain 
very small masses, whirft < uiii if lie nndo to disappear entirely. Analogous 
considerations to those which wc applied with regard to the cube would show, 
in eaeh case, that the fbvmatioii <m^ layers eommeneee as soon as die hollow 
siurfiues which would correspond to the ordinary law of pressinea cease to bo 
able to coexist in the solia frame. Figs. 16, 16, 1% and 18 represent die 






laminar systems resulting from tlic triangular prism, the hexahedral prii^m, the 
tetrahedron and the pyramid with a square base, these systems being supposed 
to he complete. They are all formed of plane lasers, commencmg at each of 
the metallic wires ; and that of the hexahedral prism, aa ia shewna containa an 
additional layer in the centre of the figme. 






30. The systom aiising from the regular octohedron presents a eingiilar 
exception, which I haTO sot been able to explain. The layers of which thin 
system ia compoaed ato ennred, and form a ftstaatieal gronpi of whieh it is 
difficult to give an exact idea by graphic lepteaentatioiii. T%. 19 exhtbilB 
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tlicm projected upon two i-octanp^ular vertical planes ; anc! it is seen that t!ie 
aspects of the system obf^crvcd upon Iwo adjacent sides are inverse as regards 
^ each otlier. The formation of this system presents a curioas peculiarity. At 
the eomuQeomkent of the operation all the fiues of the oelohedroa faeoooie 
simiiltaiieotialy hollow; the layers in pf<^re8B of formation are plane, and 
arran;::!^'! '^ymnietrically, .sf» thnf the ?ystora tonrl-? towards the form roproBontod 
at Vvz- 20. But when a certain limit is attained, a sudden change occurs, tho 
layers become carved, and the system tends to assome the singular form which 
we have mentioned. I have several times repeated the experiment, varying 
the circnmstanees as much as poraible, and the same eflfeeta are always pro- 
duced. 

Ill the eonrcp of this memoir I shall point out another process for obtaining 
laminar systems ; it is an extremtjly t^implc one, and has moreover the advan* 
togo of producing all the t^vBtems iu a complete state. 

36. In eonelndtng onr ooaerrations npon polyhedrie liquids, I shall remaik 
that the triangnlar prism may be employed to produce the phenomena of dis- 
persion. In this way a bcantiful solar spectrum may be obtained by means of 
a prism with liquid faces. But as the efiect only depends n])on the excef»s of 
tbo refracting action of the oil above that of the alcoholic liquid, to obtain a 
considerably extended spectrum the angle of lefraction of the prism must he 
obtuse; an angle of llO'^ gives a very good result. Moreover, it is evidently 
requisite that the faces of the pnsm should be perfectly plane, which is obtained 
by ufinL' a carefully mri do frame; by establishing exact equilibrium between 
the del) ity of the li lui 1:^ ; and, lasdj, by arresting the action of the syringe 
exactly at the proper ^iut. 
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(Hher fyurti if Be^olutwm hendet the l^ken, Liqmd Cfj/Unier. 

37. Let us now endeavor to form some new liquid figures. . Those best 
adapted to theoretical considerations would be figures terminated bv surfaces of 
revelation other than the ephere and ienticnlur ngnrest which we have alreadj 
studied. Surfaces of revolution enjoy ample properties in regard to the radii 
of the greatest anil least curvature nt every point; we know that one of tIk-^^^ 
two radii is the radiusi of curvature of the meridional line, and that tbe otlr r i.s 
that portion of the normal to this line which is iuciuded between the poiui uuder 
cottBidenition and tbe axie of reTolntiom. We eball new endeavor to obtain 
figoree ol tbia natnie. 

3'^. Let our solid eystcm be composed of two rin^ of iron 
wire, equal, parallel, and placed opposite to cacli other. One 
of these rings rests upon the base of the veB.^el by three feet 

I I eompoeed or iron wire ; tiie other ii attached, 1 jy means of an 

\^ intermediate pieoe, to Uie azia traversing the central stopper, 

^ so that it may be approximated to or removed from the former 
— ^ by de])ressing or elevating this axis.* The system formed 
■ by these two rings is reprcfented in Plate VII, Fig. 20 hh; 

the diameter of those which I employed was 7 ceulimeters. 
S-««. After having raised the upper ring as mncb as poseibloi 

I I let a sphere of oil, of a slightly larger diameter than that of 

I \ til'' rinj^?, be formed, and conducted towards the lowtT ring 

/ \ in such a manner as to make it adhere to the entire eircnm- 

ference of the latter; then depress tbe upper ring until it 




bito contact with tbe lionid mass, and die latter is nni^mlv attached to 
it When the mass has thna become adherent to tbe system of tbe two rings, 

let the upper ring be slowly raised ; when the two rings are 
* proper distance apart, the liquid will then n.«fume tbe 
form the vertical projection of which is repic. -rented in Fig. 
21, in which the lines a h and c (2 arc the prr)jectiona of the 
rings. The two portions of the surface which are respeet< 
ively applied to each of the rings are convex spherical aeg- 
nifMits; and the portion included between the two rings con- 
stitutes a figure of revolution, the meridional curve of which, 
as is shown, is convex externally. We shall recur, in tbe following series, to 
ibis part of tbe liqnid figure. If we now eontinne gndnall j to raiae the upper 
ring* tbe ennratore of the two extremities and the meridional curvature of the 
intennediate portion will be dimiuishod; and if tbert' is rx.irt rqnilihrium be- 
tween the dt n.-ity of the oil and the surrounding liquid, the 
JY^.J22. surface iucluded between the two rings will be seen to assume 
a perfectly cylindrical form, (Fig. 22.) The two bases of tbe 
liquid figure are still convex spherical segments, but their car* 
vature is less tlian in the preceding fignre. If the interval 
between tbe rings be still further iTicro T«ed, it if evident that 
the surface iucluded between them would lose the cylindrical 
form, and that a new figure would result. This is what 
occurs ; hut the consideration of the fignre thus produced must be deferred. 

Instead, then, of immediately increasing the distance between tb<- rings, let 
us commence by adding a certain quantity of oil to the mass, which wiU again 

• In tho expcrimcuts which wfi are now nbout to describe, the short axis ropre-^critttl io 
|Fie. 2 of the prccAdlog memoir, and which has httb^to aoswerod oar purpoeie, most be 
IHPmA by anoibv of ehoot 15 canlineten in length. 
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render the eurface iDcladed between the rings convex. Let us then gradually 
elevate the upper ring, and we shall produce a cylinder of greater height than 



JS^. 23. 



li^. 24. 





the first. If we repeat the same manipulation a suitable number of times, we 
shall ultimately obtain the cylinder of the greategt height which our apparatus 
permits. I have in this manner obtained a perfectly cylindrical mass 7 cen- 
timeters in diameter, and about 14 centimeters in height, (Fig. 23.) To allow 
of the cylinder of this considerable height being perfect, it is requisite that per- 
fect equality be established between the densities of the oil and the alcoholic 
liquid. As a very slight difference in either direction tends to make the mass 
ascend or descend, the latter assumes, to a more or less marked extent, one of 
the two forms represented in Fig. 24. Even when the cylindric form has been 
obtained by the proper addition of alcohol of 16°, or absolute alcohol, as occa- 
sion may require, (§ 24 of the preceding memoir,) slight changes in tempera* 
ture are sufficient to alter and reproduce one of the above two forms. 

39. Let us now examine the results of these experiments in a theoretical 
point of view. First, it is t videut that a cylindrical surface satisfies the general 
condition of equilibrium of liquid figures, because the curvatures in it are the 
same at every point. Moreover, such a surface being convex in every direction 
except in that of the meridional line, where there is no curvature, the pressure 
corresponding to it ought to be greater than that corresponding to a plane sur- 
face. The same conclusions are deducible from the general formula; (2) and 
(3) of paragraphs 4 and 5. In fact, as we have already stated in paragraph 37, 
one of the qu;intities B and R' is the radius of curvature of the meridional line, 
afld the other is the portion of the normal to this line included between the 
point under consideration and the axis of revolution. Now, in the case of the 
cylinder, the meridional line being a right line, its radius of curvature is every- 
where infinitely great; and, on the other hand, this same right line being 
parallel to the axis of revolution, that portion of the normal which constitutes 
the second radius of curvature is nothing more than the radius itself of the 

cylinder. Hence it follows that one of the terms of the quantity ^ + 

appears, and that the other is constant ; this same quantity is, therefore, con- 
stant, and consequently the condition of equilibrium is satisfied- Now, if we 
denote by A the radius of the cylinder, the general value of the pressure for 
this surface would become 

A 1 
^ + T-T 

Now X being positive because it is directed towards the interior of the liquid, 
(§4,) the above value is greater than P, i. c, than that which would correspond 
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to a plauc surface. It is, Uierefore, evideut that the ba^ of our liquid cylinder 
most necessarily be oonvex, as is shown to be the case bj experiment ; Ibr aa 
eonilibrinm requires that the pressures sbonid be the same thfOngfaont the 
whole extent of the figure, these bases must produce « greater pressnre than 
that which cnrrcsponil-* to a plane surface. 

Our plane tigure, then, fully satisfies theory; but verification may he urged 
still further. Theory aliowd uti to determine with facility the radius of those 
sphmi of which the bases form a part In hct, if we repiesent this radina hj 
X, the foimnk (1) of panignph 4 will give, for the pressoxe eonesponding to 

P+A.i. 

X 

Now, as this proBsuro most be equal to that corresponding to the cylindrical 
8ur£a>ce» we shall have 

from which we may deduce 

Thna the radius of the cnnratnre of the spherieal aegmenta eeoatitatlag this 

bases is equal to the diameter of the cylinder. 

Hence, as we know the diameter, which is the same ad that of tho solid 
rii^, we may calculate the height of the spherical segments ; and if by any 
process we anerwards measure this height m the liquid figure, we shall thus 
nave a verification of theoiy even aa legaids the nmnbcHrs. We ahall now 
inTeetwate this subject. 

40. If we imagine the liquid fij^re to be intersected by a meridional plane, 
the section of each of the segments will be an arc bflon^ring to a circle, the 
radius of which will be equal to 2^, according to what we have already stated, 
and the versed sine of half this afo will be rae height of the segment If we 
suppose the metallic filaments fi>rming the rings to be infinitely small, so that 
each of the segmenCa rests upon the exact circumference of the cylmdcr, the 
chord of the aboTe arc will also be equal to 2^; and if we denote the height of 
the segments by kt we shall have 

Now, the exact external diameter of my rings* or the valns of 2K cesrespond* 

lug with my experiments, was 71.4 millimeters, which gives A =9.57 millime- 
tcrp. But aa the metallic wires have a certain thickness, and the seirnietit^ do 
not rest upon the external circumference of the rini;3, it follows that the chord 
oi the meridional arc is a little less than and tliat, consequently, the trOe 
theofetical height of the segments is * little less than that given by the pre- 
ceding formula. To determine it exactly, let na denote the chord by iU» wUcfa 
will give 

ITow, let us remark that the meridional plane interseeta each of the tings in 
two small cirelea to which the meridional arc of the sphefioal segment is tan* 

gential, and upon each of which the chord of this arc intercepts a small circular 
Ke-nnent. The meridional nrc being tangential to the sections of the wire, it 
loilow'S that the nbove small circular segments arc similar to that of the spheri- 
cal segment ; and as the chord of the latter differs but ven^ slightly from the 
ndius of the circle to which the are belongs, the chords of the small circular 
segments may bo considered as equal to the ladins of the small sections, which 
maiua wo shall denote by r. It in moreover evident that the excels of the ex- 
ternal radius of the ring over hall' the chord e is notiung more than the excess 
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of the ft^iif r over half the chord of the flmall cironlar sogventfl* vhieh half 
chord, in acGordaiioa vith what we have aUfted, id equal to 7%eiiee we 

geti — whenee essoX — ^r, and we have only to euhstitate this yalae 

in the preceding fonuuia to obtain the true theoretical value of h. The thick- 
nees of the wire foimiog my liage is 0.74 millimeterB; hence ^sO.lS miUi- 

neterBf which gives aa the tme .theoretical height of Ae segments under these 
dienmstaaoeB, 

A = 9,46 millimeters. 

I may remark that it is difficult to distinguish in the liquid figure the precise 
limit of the segments, i. e., the circumferences of contact of their surfaces with 
those of the rings. To get rid of thif inconvenience, I raca-^ured the lit ij^ht of 
the segments, commencing only at the external planes of the rings; i. e., in the 
case of eaeh segment* commencing at a plane perpendicdar to the axis of revo- 
Intion* and resting npon the surface of the ring on that side wliieh is opposite 
the eummit of the sejrment. The quantity thus measured i:^ evidently I'qnal to 
the total heij^'ht minus the ver.ied sine of the small circular segments which we 
have considered above ; consequently these small circular segmeuls being simi- 
lar to that of the spherical segment, we obtain for the determination of this 

h f 

Tosed fiioe, which we diail denote \>j f% the proportion —cs^, which in the 

case of onr liquid 6gtue giyes f^Mb millimetecsi whence 

k — /» 9.41 millimeteTS. 

This, then, is definitirelj the theoretieal Talne of the quantity which was required 
to be measoied. 

41. Before pointing out the process which I emplo3'ed for this purpose, and 
communicating the result of the operation, I must preface a few important 
remarks. If the densities of the alcoholic mixture ana of the oil are not rigor- 
ously equal, the mass has a slight tendency to rise or descend^ and the height 
of one of the sennents Is then a little too great, whilst that of the other is a 
little too small ; but we can understand that if their difierenoe is very small, an 
exact result may still be obtained liy t;iking the mean of thei^e two l-r t^'hts. 
"We thus avoid part of those preliminary experiments wliich the establishment 
of perfect equality between the two densities requires. But one circumstance 
which requires the greatest attentn»n is the peif^ homoeendtj of each of the 
two liquids. If this condition be not ftilfilled with regard to the alcoholic mix- 
tONb t* e.> if the upper part of this mixture he left containing a slightly greater 
proportion of alcohol than tho lower portion, the liquid figure* may n|>|>o;ir 
regular and present equal eegments ; all that is required for this is, that the 
mean density of that part of the mixture, which iii at the same level as the 
mass, must he equal to the density of the oil ; but under these chrcumstances 
the lev<d of the two segments Is too low. In fact, the oil fbrming the uj^per 
S^ment h then in contact with a 1< S3 dense liquid than itself, and, conse- 
quently, has a tendency to descend, whilst the opposite to the oil form- 
infr tlie inferior segment.* Heterogeneity of the liquid producer an opposite 
efiect, f. e., it renders the height of the segments too great. In fact, the least 
dense portions rinng to ibe upper part of the mass tend to lift it up, whilst the 
most dense portions descend to the lower part, and tend to depress it Now, 

aiutonliooally produciug very graat huterogtucity in the alcoholic mixture, 0 of tira 
ig memoir,) and employing suitable precautiouB, a paifecDy regular <^lisider maj hi 
the bases of which aieabaolntely piano. 
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the quantities of puni aleohol. And that at 16° added to the alcoholie ailstaie 

to balance the ma?9, necessarily produce an alteration in the homogeneity of 
the oil ; for, in the first place, the oil during these operations being in contact 
with mixtures which are sometimes more, sometimes less charged with alcohol* 
most abeorb or lose aome of this by its smfiiee; In the aeoond plaee, these seme 
additions of alcohol to the mixture diminish the saturation of the latter with 
the oil, so that it removes some of it from the mass; and this action is undoubt- 
edly not ef|nrilly exerted upon the two principles of which the oil is composed 
Hence, belore taking the measure?, the different parts of the oil mui^t be inti- 
mately mixed together, which ma^ be effected by iutruducmg au iron epatula 
into the mass, moving it abont in it in all directions, and this for a long time* 
beeaose the mixture of the oil can only be peiiSsctly effiMted with great diffi* 
culty on account of its viscidity. 

To nvoi l tfie inlhience of the reactions which render the oil heterogeneous, 
the operations must be conducted in the following manner: The mass being 
introduced into the vessel and attached to the two rings, and the equality of 
the densities being perfectly establisliedt allow the mass to remain in the aieo- 
holic liquid for two or three days, re-establishing from time to time the equi- 
librium of the densities altered by the chemical reaction? and the variations of 
temperature. Afterwards remove the two rings from the vessel, so that the 
mass remains free; remove almost the whole of this, by means of a siphon, into 
a bottle, which is to be carefolly corked ; withdraw with the syringe the small 
portion of oil which is left in the vessel* and rdect this portion. Kext replace 
the two rings* and nux the alcoholic liquid periectiy ; then again introduce the 
oil i?)to the vessel, taking: tlie precaution of rnveloping the bottle cmitaining it 
with a cloth several times tolded, so that the temperature may not be sensibly 
altered by the heat of the hand."' Then attach the mass to the lower ring only, 
the upper ring being ra&ed as mnch as possible; mix the oU intimately, as we 
have said above; then depress the npper ring, cause the mass to adliere to it* 
elevate it so as to form an exact cylinder, and proeeed immediately to the 
measurement. 



* The following is the reason why the oil must be removed from the vessel before employ- 
ing it for the experiment. AAcr having remained a considerable time in the alcoholic liquid, 
the oil becomes enveloped by a kind of thin peilicle; or, more strictly speaking, tbe siiper- 
fic'ial layer of tbe mass has lost part of its liquidity, an effect which nndoabtedly arises from 
the unequal action of the alcohol, upon tbe principles of which tbe oil is composed. Tbe 
neccssaiy result of this is* that the mass loses at the same time part of its tendency to assume 
a determinate figure of eiqnilibrhim, which tendency must, therefore, be completely restored 
to it. This is why the oil ini witlidrawn by tbe i^iphoii. In fact, the polliclf i1«hvs not pen^ 
trate the interior of the latter, and darinf its eonlraction continues to envelop the smaU por- 
tion remaining; m tint after the latter hae been removed by the syringe, wbidi ultimately 
alt^orhs tbe pellicle itself, wo get ooi]i[)!tt(Iy riJ of the latter. 

Before nsing the siphon, the thickness and consistence of tbe pellicle are too slight to 
enable us distmctly to percelTe Its preeenoe; but when the efieration of the etpboti ie nearly 
tenninatfd. ami the mass is thus considerably reduced, we fiinT that the surfaco of the latter 
forms folds, bcoco implving the existence of an envclcpe. Moreover, when the siphon is 
remored, tbe small feeidnary mass, which then remans freely suspended in the alcoholie 
li )nid, no longer assiuuos a spherical form, but ntabu an trregolar aq>ect, appearing te 
have no tendency to assume any regular form. 

Tbis tedifiereikee to aetmne figniea of equilibrfann, arinng fhm a dindnotfen in tbe 
liquidity of the «uipcrficinl layer, constifntcs a m u and curious proof of tho fuiidiiiiK ntal 

Srinciplc relating to tbis lu^ cr, ii bis aud iu to !(>.) M. Uagcn (^Mtmoirt $ur la Surfatt 
eg Lxquidcs, iu tbe Memouv of the Academy of Berlin, 1845) hat obeer^-ed a remarkeble 
far?, to which the prccclinjr nfprnr? to ho rclatoil. It consists in tbis, that (lie snrfac*^ of 
water, Icit to itself tor some time, undergoes a peculiar modibcatiou, in consequence ut which 
the water tlun rises in capillary spaces to elevations which are very distinctly less tbaa if 
tbe case when it's snrfarc is exempt or fu rd tVom this alterntirin. Thi-i fact might, perhaps, 
be explained by udiniuiug that the wuit r dissolves u small proijorliou of th© sub.stance of tbe 
solid Avith which it is in contact, aud that the external air acts chemically at tbe surface 
the 1ir{nid upon the suhr^taiice dissolved, thus giving itae lo the ionuatioo ef a alight peliide 
which modities the cticcts of the molecular forces. 
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42. The instxament beat suited for effecting the latter oporalioDs in an exact 
nuumer Is andonbtedly that whieh has received the name of ea^Utomeier, and 

which, afl is well known, consists of a horizontal telescope moTing along a ver- 
tical divided rule. The fli-^'rnnc^' coraprifed betweon trie summits of tlie two 
segment'* i« firj^t men^'iiK il liy tlic aid of this iustnimfiii ; the di.^ftancf included 
between the external piauea ot the two rings 40) is then measured by the 
same means. The differenee between the first and the second resalt evidently 
gives the sum of the two heights, the mean of which mnst be taken ; and, con- 
sequently thi- m attt or the quantity songht. A— y, Is equal to half the differ* 
encc in question. 

The determination of the distance between the external planes of the rings 
requires peculiar precantions. First, as the points of the rings at which we 
most look are not exactly at the external sonhce of the figare» the oil intef^ 

posed between these points and the eye must produce some effects of refi-action, 
which would introduce a slight error into the valnp obtr^iTied. To avoid this 
inconvenience, we need only expose the rings by aiiuwing tin; liquidn to escape 
from the vessel by the stop-cock, (note 2 to§ 9.) then remove the minute portions 
of the liqnid whieh remain adherent to the rings by passing lightly over their 
8iir&ee a small strip of paper, whieh must be introduced into the vessel through 
the TTond aperture. The drops of alcoholic lirpn 1 remaining attiched to the 
inner surface of the interior side of the vessel must also be absorbed in the 
same manner. In the second place, as it would be difficult for the rings to be 
risorously parallel, thehr distance mast he measured from two opposite sides 
of the system* and the mean of the two valves thns found taken. The follow- 
ing are the results which 1 obtained : The mensuration of the distance between 
the stimmit." gave first, in four gucce^^sive operation?, the values 76.77, 76.80. 
76.65, and 76.7o milli neters, the mean of which is 76.79 millimeters. But after 
the alcoholic liquid had been again agitated for some time, to render its homo- 
geneity mon^ certain, two new measurements taken immediately afterwards 
gave 77.05 and 77.00 millimeters, or a mean of 77.02 millimeters. The distance 
between the external planes of the rings was found, on the one hand, by two 
observations, which agreed exactly, to be 57.73 millimr>ters; on the other hand, 
two observations furnished the values 57.87 and 57.85 millimeters, or as the 
mean 57.86 millimeters. Taking, then, the mean of these two results, we get 
57.79 millimeters as the value of the distance betweoi the centres of the ex- 
ternal planeB. Hence, if we assume the first of the two values obtained Ibr th^ 
disUuice of the summits, 7G.70 millinirters, we find 

^ ^ 76.79 — 57.79 ^ ^ ^ 
h — — ^ = 9.60 ttillimeteis j 

and if from the second result, 77.0:^ millimeters, we liud 

77.08 — 57.79 
A— /as g =s9.61 millimeters. 

These two elevations evidently differ but little from 9.41 miHimeters, the 
altitude deduced from theory, (§ 40;) in the first case the difference docs not 
amount 'to the y^yth part of this theoretical value, and in the second it hardly 
exceeds ^^yth«. These differences undoubtedlyari.se from slight remains of 
beterogenetty in the liquids ; it is probable that in the tir^rt case neitht r of the 
two liquids was absolutely homogeneous, and that the two contrary effects 
which thence resulted (§41) partly ncutraliacd each other, whilst in the second 
ca.^e, the alcoholic liquid being rendered perfectly homogeneous, the effect of the 
.^li«„'! 1 1 lu'terngcneity of the oil exerted its full influence. Ilowevcrthis may be, these 
dilVi I ( iiccH in each vns^v are t^o small that wo may consider experiment in accord- 
ance wiih theory, of which it evidently presents a very remarkable coulirmation. 

43. ICaUiematically considered, « eylindri^ sur&ce extends indefinitely in 
the direction of the axis of revolution. Hence it follows that the cylinder 
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iadodcd between the two napt comHtutefl one fioftiai mij «f die oomplele 
Ugaie of equUlbriom. Hence abo, if tke liquid mass were fire^ it covla not 

Aummf' t\.<: f vliiiflrical form a? the fi^re of e«niilibriuiii ; for the volnnw? of this 
maj>s \)i 'iu-/ luuiifcti, it woiiJ'i be iiecer.-iary lL;ii the cyliuder should be lermi- 
uated Oil both eides by portioQ^ ol' tbe eurlace pre^uiiug oiImj- curratures, which 
woald ooi adniit of tM law ef eontiniiitjr. Bat this heUuD g en rfty of ciDnratiBei» 
wbjch in impor^'ible when the maae is free, becomefl re<iliz ible, at 4mr ezperl- 
laentH f»bow, tbroagb the meditun of solid rings. Ab each of these renders the 
curvattirc- of th^i jK>rtions of the garface renting upon it (§ 20) imlepcndriit of 
t^rh oth<-r, the liurfkct: coiiipri:?e(l betweeu the two riiig-s uiny then be of cylin- 
drical curvalUTC, whilst thv two ImjAta of the iigurt: may present Bpherical 
canrataiee. We therefofe aime at the lenaalBBble nenlt* that with a 
lir|ul'l rii.ir'.-! of a limited volume we nay obtun isolated portions of figniea ef 
equilibrium, which in their complete state wonld l>e extended indefinitely. 

44. With the view of obtaining a cylinder in wliich the proportion b«'r^reen 
the height aud the diameter wm still greater than that in Fig. 23, I replaced 
the rings previously employed by two others, the diameter of which was only 
2 ceDtiiiieten. I ust tned to make a ^lincler 6 eentineten In height t. tM 
height of which waa thrice the diameter; and in this opeiatioa I a l tpted a 
sligutly different procesfl from tliat of paragraph 38. The Tinifomiiiy in the 
density of the two liquids being accurately cftabli-^lied, I first gave the mass of 
oil a somewhat larger volume than that which the cylinder would contain; 
having then attached the maee to the two rings, I eleTirted the upper ring iintfl 
it wae at a dlstanee of 6 eentimeten from the other; this distanee was mMsnred 
by a scale introdneed into the yesael and kept in a vertical position by the r^ide 
01 tlic liquid figure. In conpcqnence of the excesg of oil, the meridional line of 
the figure wan convex r xlernally ; and an there war* ptill a slight diileronce 
between the deut>itict», thib con\ exity wan not syiimietricjil in regard to the two 
rings. I corrected tbb irreguhirity by successive additions of pure ahsohol 
and aleohol of 16**, an operation whieh reqiiiiea great eircnmspcction, and 
towards the end of which these liquids conJa only be added in single 
S^2S, drops. Tlic figure being at last perfectly syminctrical, I carefully re- 
moved theexceH.^ of oil \^y ajtplyiiig the point of the syringe to a point 
at the equator of ihu iiiaset, and in this manner I obtained a perfect 
cylinder. Subsequcutly, after having added some oil to the mass, I 
inereosed the distance between the rings until it was equal to 8 centi' 
meters, i. e., to four times their diameter. The oil was in snffieient 
qimntity to alloAv of the meridional liii»» of the figure being convex ex* 
ti rnally; but the curvature wa«» not pericctly symmetrical, and I en- 
countered still greater difficulties iu n gulating it than iu the preceding; 
ease. The dcmet in the symmetry being ultimately correeted, the men- 
dionalooaTCxity presented a versed sine of about 3 millimeters* (Fig. 25.) 
I then proceeded to the removal of the excess of oil ; but before the versed sine 
lfi0 reduced to 2 millimeters, the figure appeared to li.ivc a tendency to hecomc 
thiu ut its lower j)art and to .-^well out at the upper part, as if the oil 
Jijf. 2S. had suddenly become **ligbtly iucrea^td iu density. At this moment I 
withdrew the syringe, so as to be enabled to obecare the efieet in qaes* 
t ion bettor; the change in form then beeame more and more pronounced ; 
the lower part of the figure soon presented a true strangulation, the 
neck i)f which was situated nearly at a fourth part of the distance be- 
tween the ring!*, (Fig. 2G;) the constricted portion cunfinued to narrow 

Snidually, whilst the upper part of the figure beciimc bwoHen j huuily, 
be liqnM separated into two unequal masses* which remained rcepect* 
ively adherent to the two rings; the Upper mass formed a compete 
snhere, and the lower mass a doubly convex lens* The whole of UMSe 
pnuuMueua lasted a Tory short time only. 
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With a view to determine whether any particular cau^e had in reality pro- 
duced the alturatiou of the deusitics, 1 approximated the rings; then, af'tci 
having reontlcd the two liquid massest I again carefully raised the upper ring, 
ceaaingf at the Jbt-i^ht of 7^ centimeters, bo that the ver.<*od nine of t\\o meridional 

convexity was plijrhfly fjicntor than when thia was 8 ccntimotn The fi^^nro 
was tljen found to be perli'ctly ?ymm('tric:il, and it did not exhibit any teiidcucy 
to delbrniity ; whence it follows ih.it the uiiilbrmity iu the denaitics had not 
experienced any appreciable alteration. I recommenced, with citill more eare» 
the experiment witli that ti^uro whicii was 8 centimeters In hei^lit ; and I was 
enabled to approach tin; cylindrical form 8till more nearly; hut before it was 
attained, thf^ ^;^^lf' jilu nnmeiin ajj.iin prost mIchI tll^m:^^'lv•e^^. f'xcept that the 
alteration iu form was effected in an inverted manner, t. e., the ii;:nre beearao 
narrow at the upper part and dilated at the ba^ ; so that after the ^« paration 
into two masses, the perfect sphere existed in the lower ring and the lens In the 
upper ring. On 8ub;$eqnently uniting, as before, the two masses, and placing 
th'i riti'_rs at a dif^tnnce of 7} centimerei>< apart, the figure wn« jigain obtained in 
a n,*guiar aud jx i lu im iit loim 'riiiia when wc try to obtain between two *«olid 
rings a liquid cyliader th«; heijjht of which is four times the diameter, the iigure 
always breaks up spontaneously, without any a])parent cause, even before it 
has atuiined the exactly cylindrical form. Now as the cylinder is necessarily a 
figure of equilibrium, wh it-vor may he tlio proportion of the height to the 
dtirncter, we must coucludr that tlx- ('i|uiiibrium of a cylinder th<' h<>ight of 
wLieli is four times the diameter is unstable. As the shorter cylinders w Ijich I 
had obtained did not present analogous effects, I was nnzious to satisfy myself 
whether the cylinders Were really stable. I ther(;fore again formed a cyliuder 
6 centimeters in height with the same rings ; but this, wiien left to itself for a 
full half hour, presented a trace only of alteration in form, and this trace ap- 
peared about a quarter of an hour after the formation of the cylinder, and did 
not subsequently increase, which shows that it was^duc to some slight accidental 
cause. 

'J'iie above facts lead us then to the following conclusions : Ist, that tho cyl- 
inder constitutes a figure the equilibrium of which is ftaMo when tlie proportion 
iH tv.ecn its lu iirlit and its diamet(!r is equal to 3, and with Htill greater reason 
when this proportion is less than 3 ; 2d, the cyliuder constitutes u figure tho 
equilibrium of which is unstable when tlie [)roportion of its height to its diametor 
is equal to 4, and with still greater reason .v In^a it exceeds 4; 3d, consequently 
there exists an intermediate relation, which corresponds to the pa.-isage from 
Ftabiliry m iTi'^tability. We shail denominate this latter proportion the limit tff 
the stabddii of tke ci/linder, 

45. These conclusions, however, ate liable to a well-founded objection. Our 
Dqnid figure is complex, because its entire ifurface is composcd'of a cylindrical 
portion and of two j)ortions which present a spherical cun'ature. Isow we can- 
not afllrra th u llic'^c latt* r portions exert no influence upon the staliility or the 
inst;iMlitv ol' till internieiliale portion, and consequently upon tin- valm- of llio 
proportion w iiich constitutes the limit between these two states. To alltiw of 
the preceding conclusions being rigorously applicable to thb cylinder, it would 
be requisite that the figure should present no other free Burl'ice than the cylin- 
drical surface, which is easily managed by repl iciiij; the riiii^'s by entire disks. 
J effected this substitution by employing disks of ilu- same diameter as the j»re- 
ceding rings, but the results were not changed; the cylinder, 0 centimeters in 
height, was well formed, and was found to be stable; whilst the figure 8 centi-^ 
meters in height began to change before becoming perfectly cylindrical, and was 
mpidly destroyed. The final result of this destruction did not, however, consist, 
as ill the cas'' of the rings, of a perfect fphere and a double convex Ii ri-^, hut, 
88 evidently ought to have been the cose, of two unequal portions ul spheres, 

f7 8 ^ 
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respectively adhenmt to tlio two opposite polid Burfaces. Tlie iiinit of Um 
stability of the cyliuiler, tin it fore, really li'*« Ix'tHVen 3 and 4. 

The expeiiincuts which wc huv<^ juf*t rclau d are very delicate, and require 
BOme skill. In this, as in all other cases of measnremcnts, the oil must be 
allowed to r» main in the alcoholic mixtnro for two or three days, then the pel> . 
licle must be removed from it, (note to p. 254;) afterwards, when the m^xss, 
after h.ivini]:; boon afr iin introduced into the vessel, has been attached to the two 
solid dit«kt*, some liuie must be allowed to elapse in order that the two liquids 
may be exactly at the same temperature ; moreover, it must be uudei-stood tlut 
the experiments shotdd he made in an apartmeot the temperature of which 
remain- as constant nn possible. Lastly, it is scarcely necessary t o add* thsi 
when the alcoholic liquid is mixed, after having added small nuantities of pure 
alcolinl or alcohol at 16^, fho movempiit.^ of the spatula should be very slow, so 
ab to avoid the communication ot too much agitaiiou to the mass of oil; we are 
even Bometimcs compelled momentarily to depress the upper disk, so as to give 
greater stabtlitjr to the mass, and thus to prevent the morements in question from 
producing the disunion. 

40. It might be a;^k('d wlu tlier the w.Tnt of symmetry, which '3 constantly 
fovn in tho spontaTu oiiv motlirication of tlir above nnstnblo figures, is the re^ult^ 
of a law which govemc thc:>e figures; or wiiether it simply arises, as we should 
be led to believe at first sight, from imperceptible differences still existiug be- 
tween the densities of the two liquids, which differences acting npon unstable figures 
might produce this want of symmetry, notwithstanding their cxtretii« minuteness 
After having concludrd the preredinp^ expmmrnls, T iniapncd tli it to solve 
tho ([iK Htion ill point, all that would be requi-itt- would be to arrange mattei-s ?o 
' that the iixis of the figure, instead of being vertical, aa in the above experiments, 
should hayc a horizontal direction.- In fact, in the latter case, the slightest 
difference between the densities ought to have the effect of slightly curving the 
figure, but evidently cannot give the liquid any tendency to move in greater 
quantity towards one extrnmity of the fi^uro than the ntlu r; whence it follow?, 
that if the spontaneous alteration of the tigurc Still occurs JUUiiymmetricaily, 
this can only be owing to a peculiar law. 

On the other hand, if the figure reali y tends of itself to change its form un- . 
mametrically, it is clear that, in the case of the vertical position of the axii, 
toe effect of a trace of difference between the densities ought to concur with that 
of the instability, and thus to accelerate the moment at which the figure com- 
mences to alter spontaiioously. Consequently, on avoiding this oxtraueoua 
cause by the horizontal direction of the axis of the figure, we miiy hope to 
(ipproximato more nearly to the cylindrical form, or even to attain it exactly; 
we can, moreover, undei>stand that the difficulty in the operations will be found 
to be considerably diminished. 

I therefore constructed a solid system, pre-^enting two vertical disk-^ of the 

same diameter, placed parallel witli each 

Q other, at the same height, and opposilo 
each other. Each of these disks is sup* 
ported by an iron wire fixed normally 
to its centre, then bent vertically down- 
wards, and the lower extremities of 
these two wires are attached to a hori- 
zontal axis furnished with four small 
feet This system is represented in 
perspective in Fig. 27. I'he diameter 
of th(! disks is 30 millimeter?. I nt the 
dtst.mrfi which sep;irati < them is not 
tour limes this diauiete^j^ 1 thought that 
bj approximating the figtire more to the limit of stability, the operations 

t 
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woalcl require still less trouble; the distance in question is onlj 108 miUinie- 
tenit F ) i]i it the relation between the length and . the diameter of the liquid 
cylinder which would extend Ixitween the two disks would be equal to 3.6. 

We slnll now dofail thr^ results obtained by the* cmplovment of this systesm.. 
In the iir.-*t plac*;, tlie ojKTations wore much more e<ii*ily performed.* In the 
second place, the li:::rure t;lill liiui a ttudcuc}' to dt-iuimiiy butorc it had boigoi 
fendered perfectly ( ylindrical ; bat this tendency always exhibited itself unsya* 
metrically, ill the verticil! li'i'ircs; froio which circumstanco alon^ wo might 
conclude that the nii-^y niuii iric.tl ii.ti lire <.l' t lie phrnomeiKHi is no* occii.-ionf.'d by 
a (liti'erenee betu'eeii rhe (h n.-if ics ot the fWH li(jin(ls. In tlie lliivd phice, by ."i 
little niiitiM^cmeut, 1 h-ivr ]»uiijucd t!ie expenniriit riirtlicr, ;nid r^iK-ceeded in 
formiu^ ua exact cylmdcr.i This lasted for a liiomeui ; ii then be^;iu to be 
narrowed at one part of its length, bf^commg dilated at the other, like the verti* 
cal H^ures; ^ind the phenomenon of dlsMnion was ompleted in the same mannQTy 

glivintj; rise ulf iiii it' ly ti> t\vii iiris-es ot (lifVrrrut M)luTue.s. 

I rrjxated the ex [Miiiiirut s<vrr.il limes, anil always witli the .^ame re^ultB, 
exce})t ihul the i^'pai ation occurred si unci I [ue- en i>n<-, souK^inies (tu thi' other 
gidc of the middle of the length ot tlie tigmc ilowever, alihuugU the phe- 
nomenon is produced in an nnBymmetrical manner with regard to the middle of 
the length of the figure, wlu-ihi r linri/.nil tl ..r vertical, on the eontrary tliei'eiB 
always syrnnni ry :\ iili r<-;^ n d to tiir a.\i-; in otli' i- Wdids, tlirriui^lntut iIk- dura- 
tion id' the |Ji('nonirii<in I hr liLfiiK- leru tins ci instant 1 v ;i lii^inc of re\ olution. 
We may add heie, th u iu-the. iiurizonlul li^un; tlu'. n-spec^live Ieu<;thrt ot' the 
constricted and dilated portions appear to be equal ; we shall show, in the fol- 
lowing scries, that this equality is rigoroualy exact, at least at the commencement 
of the phenomenon. 

It is now evtdriit titat the ;ilf cratiun in the tnrm of tliejie eylindcr.-' is really 
the r<*snlt of a |«roj)rviy whtcli is inh« irnt in lln in, Wt- shall hen-al'ter derluce 
this propi-ity at> a accc^iiury courici^uciicc of the htwd which govern a mom 
general phenomenon. 

It moreover results from the above experiment that the propr»rtion 3.6 is still 
greater than the limit of stahility, .-o tliat the exact value of thr latter must Ue 
berween the nnndMfs :j and :;,(). It ohvlons that this nn^thod (d" experiment 
mi;;lit ho ompI(»\'ed to obtain a einsi !y ajtjtroxirnatiN <■ drterininalion ot the value 
in qucalion ; 1 priipo.-c doing ihi.s Lcrcutlcr. and 1 fchall give an uccuuuL of the 
result in the following scries, when I shall have to return to the question of tbe 
limit of Btability of the cylinder. 

47. In the nn^tahlo eyliudcrs which v.-c ha\'e ju-^t formed, tin- ])roj)ortian of 
thclen;j^th to the diaiiK ti r \vn< jncMnsi(h iahle ; hstt what w<add he tht' ca!^(^ it' wO 
were (o obtain cvlindi is of ^^ri at h iiirih i( !ati\ ( lv to tiu ir diam<'tcr ? Now, 
unUer cciUiu ciicamitaucci , bgm i s of ihis kind, mure or ivas exactly cylindri- 
eal> may be realized, and wc shall piocced to Bce what the results of the spon- 
taneous rupture of equilibrium are. 



* The (w<i (li'-ks 111 l!i;s sy^ifin hiinc placnl at nn iiiv.'ii (iistuncri tVeni each 

other, it is uet'^jfesaiy, iu ulakm^,' a ijjmss ut oil, the vulunic ut \\ liirli is uvi Ujo gri-at. juHutc 
totbsm, to employ AQ ex(m piece cousi<ttiiig^ of a ring v\ \':n:\ w huof tbe same tjiiiUH tcr as 
the <Ji>ks, sH[i|»n-tiMl }iv u .-tr:i!^'lit \\ ii'' ut" >:Htic iiii't:il. tlir tu-r cxtrcin ir y nl liirli is held 
iu the liiiliti. liy a»taii« ut tint- t:n;,^ tln' lUiias, wliivh hu^ hct-'il j^ifcvi^jw^ly Hlln-lit ! tu <aio of 
tho disks, in drnwo out until it is nj i illy attached to the Other; iho rr.rj; \-< ihrn n Kiovcd. 

!(iltc.- rrniii\cs .-i siii;i:l [i(m;1'(!i ol'tln- u\:i'-> ;e tltc ■-aiii*- tli'ic: hnt ft! !■ aviii',' tljc \os^elit 
l(,:nv('S t)ii:i puuityu ia ihc. ulcuboiic liqui'L It i- Mi'ai M'Iii'j\< '1 Ky iiir;iiis c'' liic .-^y riairi-- 

t 'I'll I'fifecl this the loHowill{^ proCCf finic: UHi'-t itr a*l>il)!i-.l Im i lie H'MhA iil nf llu' ( .xci'SS of 
oil. '1 ill- ii[.rial i'Hj i: at iK>t cia-iii'l niisvali ;i Miiralilr oi|r.' In y n i; i il ( lir ll iT-urc l«-:^^:iis to 
alter in lurui ; tlie^^uJct" th'-nni-it i>\' t lir -^ynn^Tu l,s ibm ilnnv ii };t,;it iy a'on;: : ht' upjiia" part 

of the mass, proceeding from tne tbicUi- t to i)i> other po;;ioii. This sl'„)it u i^oa is safficieat 

to iiiovo II uiiiiiifc i|i!a[jtay ot dll tdwanls the !:et«T, aiMl tl.n- to ic-c'-tali'-'ih llir symmctlT 
oi" tlitJ llguici a iiijVi. ubbuiptiua id iLua nmJc, lije i^ruii; jt^aia ic-gaiiitcU, and ik^o piocecu- 
is^ aro continned until the exactly eylindricai foim is attained. 
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A ffict which I doBcrihpd in paragraph 20 of the prcccriing ra<^moir, and which 
I eliail now dcscrilx- nioif in (Icr.iil, affords ns the lueau'^ of olii unia^ a cylinder 
of ihia kind, and oi observing it^ spontaneous dcsitruciion. Wheu tsonie oil ii 
introdneed br means of a Bmall fannel into an alcoholic mixture containing a 
ftli^'lit excess of alcohol* and tbe oil is poured in sufficiently quick to keep tbe 
fiuuK 1 full, the liquid forms, between th«; point of the funnel and the bottom of 
the ve.-sel whf^re the mjiss collects, a long train, the dinmr ter (A' which continues 
to iiiciea^t; i*lightly from tl»e upper to the lower part, as to Ibrm a kind of 
vcrj' elongated cone, which docs not differ much from a cylhider.* This nearly 
cylindrical Hgurc, tbe betgbtof which is considerable in proportion to the diameter, 
remains without undergoing any perceptible alteration so long as the oil of which 
it consists has sufficient rapidity of transference ; hut when the oil is no longer 
ponrrd into tho funnel, nwl ronsequcntly the motion of tratisfereiice is rftardfd, 
the cylinder it^ soon seen to resolve itself rapidly into a series of spheres, which 
arc perfectly equal iu. diameter, equally distributed, and with their ccuircii 
anatiged upon the right line forming the axis of the cylinder. 

To obtain perf< ct success, the elements of the e3(periment should be in eert*jin 

5roportion«. 'J'lie oi iflc^- of tlif funnel which T ui=od wn= about 3 millimeters in 
iametrr, and 11 centimeters in hoight. it rcstid ujion iho nrck of a lar<j6 
bottle containing the alcoholic mixture, and its orifice waw pluijged a It^w luiiii- 
mctcrs only beneath the surface of the liquid. Lastly, the length of the cylinder 
of oil, or the distance between the orince and the lower mass, was nearly 20 
centimeters. Under thcHc circumstances, three spheres were constantly fotmed, 
the uppr r of which remained nfllicifnt to the point of the funnrd; the latter was 
therclbre incomj)lpfe. We may add, that the exce.-js of alcohol contained in the 
mixture should neither be too great nor too small ; the proper quantity is found 
by means of a few preliminary trials. * \ 

48. The constancy and regularity of the result of this experiment complete 
ihen the proof that the phenomena to which the spontaneous rupture of equilib- 
rium of an un-^table liquid cylinder gives rise aro governed by determinate laws. 
In this sanio experiment, the transformation en.-uf.^ too rtpidly to allow of ita 

{)hases being well observed ; but the phenomena presented to us by iaiger and 
ess elongated cyliudci-s, i. e., the formation of a dilatation and constriction in 
juxtaposition, and equal or nearly so in length* the gradual increase in thickness 
of the dilated portion and the simultaneous narrowing of the constricted portion, 
&c., authorize us to conclude- that in tlio case of n cylinder the length (tf ^\llIl h 
18 considerable in proportion to the diameter, the iolluwing ord*'r of tl in^js takes 
place : tho figure becomes at first bo modified as to present a regular and unitbrm 
Buecession of dilated portions, separated by constricted portions of the same 
length as the former, or nearly so. This alteration, the indications of which . 
are very slight, gradually becomes more and more marked, the constricted por> 
tions gradually l»t coming narrower, whilst tlie dilated portions inrreaso in thick- 
ness, ilu' li;;ure remaining a figure of revolution ; at last the con strict ions break, 
and each of tho various parts of the figure, which arc thus comjjlelely isolated 
from each other, acquire the spherical fonn. We must add, that the termination 
of the phenomenon is accompanied by a remarkabln peculiarity, of which we 
htt¥0 not yet spoken ; but as it only constitutes, so to speak, an accessory por- 
tion of the general plit nomonon, we shall transier |be description of it to a 
subsequent part ot tliis uk ni )ii*, (sec § G2.) 

41). It might bo a^ked why, in the experiment v?hich wc have lo^st described, 
the cylinder is only resolved into spheres when the rapidity of the transference 
of liquid of which it is composed is diminished. In &ct, wo canuot understand 
how a motion of transference could give stability to a liquid figure which in a 



* The slight incrx^nso in diameter dependii upon the rotardation whiok the VMiAtsace of tba 
SOrroiinduig liquid occasiona in the morement of the oiL 

Digitized by Google 



WITHDRAWN FROM THE ACTION OF QBAVITT. 261 

isbitc of repose was unstable. la cxplaititiig ihh nppArcnt peculiarity, we must 
remark that, as the spontancotis tranaformation of an unetable cylmder is effected 
under the action of continued forces* the rapidity with'wbich tiie pliaiomenoo 

occurs ought to bo accelerated ; thia may be, moreover, easily verified iu czperi- 
mrats relating to larcrpr and If flougated cylinders ; tbi" s;\rao rapidity ought, 
therefore, always to be very iniimti' at tb<> pomiiu nc* imint ot the pheiionu'uon. 
Now, iu the case iu question, n» lb<i cbaiiLjojj iu lijjui<" occur iu the liquid of the 
cylinder whilst this liquid is animated by a movement of transference, it is 
evident, from what we have totaled, that if this movement of tran^f* rence is 
sufficiently rapid, the changes of fV»rm could only acquire a very slightly marked 
development during tlie pasrfagr of the point of the fjinru'l to the mass nccinim- 
bitod at the bottom of the vessel; so that, the liquid being continually renewed, ^ 
there will be no time for any alteration in form to become very perceptible to 
the eve. Hence, so long as the rapidity of the flow is snffieiently ^reat, the 
liqnia figure will appear to retain its almost cylindrical form, althougli its length 
is considerable in comparison with its diameter. On the othtT hand, when tiie 
velocity the transference is sufficiently Hiuali, there will be time for the 
alteralionci in foiiu to take jdace in a perlect manner, and we shall be. ablu to 
see the cylinder resolve itself into spheres throughout the whole of its length. 

fiO. We shall now describe another method of (experimenting, which allows 
ns to observe tlie result of the transformation luider b^ss restrained and more 
regular conditions in some respects than those of the preceding experinii nt. and 
which will, moroovi'r. lead us tn new consequences as re^^ards tlic 1 nv.s of the 
phenomenon. We shall firHt Huceinctly describe the apparatus and the opera- 
tions, and afterwards add the necessary details. 

The principal parts of which the apparatus consists are : let, n rectangnUur 
plate of plate>glas6, 25 centimeters in length, and 20 in breadth; 2d, two sfcripp 
of the same p:!ass, 1.'? centiineTers in len;;th, and ^ millimeters in thickness, 
peHoctly |»r> |)ned and pulislicd at tlic rdj^ei*; 3d. Two ends of copper ■w ive, 
about i millimeter iu thickness, and 5 centimeters in length; these wires .^^iiould 
be perfectly straight, and one extremity of each of them should bo cnt very 
accurately, then c^n-efuUy amalgamated. The plate being placed horizontallyt 
tho two strips are laid fiat upon its surface and pimillel witli its long sides, 00 
a*' to loMVe jin interval of about a centimeter betwfcii them; the two coppef 
wires are then introduced into this, placing them iu a right liu<- iu the direction 
of the length of the strips, and iu such a mouuer that the amalgamated extremi- 
ties are opposite to, and a few centimeters distant from, each other. A globule 
of very pure mercury, from 5 to 6 centimeters in diameter, is next placed bo-, 
twecn the same extremities ; the two strips of glass are then approximated 
until they t(mch tln^ wires, sn as only to 1( ave between them an interval equal 
in width to the dt imcier of the.se wires. The little mass of mercury, being 
thus compressed laieially, necessarily becomes elongated, aud extends ou bou 
sides towards the amalgamated surfaces. If it does not reach them, the wires 
ire made to slide towards them until contact and » adhesion are established., 
The wires are then moved in opposite directions, so as to separate them from 
eaeli other, which agairt })roflnres elongation of the little liquid mass and dimi- 
nution of its vertical diment^ions. By proceeding carefully, and accompanying 
the operation with slight blows given with the linger upon the apparatus to 
facilitate the movements of the mercury, we succeed in extending the little 
mass until its vertical thickness is every where equal to its horizontal thickness, 
I. e., to that of the copper wires. Thus the ijiercury forms a liquid wire of the 
Bamf diameter as the solid wires to which it is attached, and from 8 to 10 cen- 
timeters iu length. This wire, considering the small size of its diameter, which 
renders the action of gravitation insensible in comparisou with that of molecular 
attraction, may be considered as exactly cylindrical; so that in this manner we 
obtain a liquid eylmder, the length of which is from 80 to 100 times its diame- 
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ter« and altached hy its eztieiiiities to solid parts, wbicli eylinder preserves its 
Ibnn so long as it remains impn'ttoned between tbe strins of glat^s. Weights* are 
next placed upon tbe part^ of the two copper wires which project beyond the" 
OXtreinitie?^ of the bands, so a« tn maintnin thoj»f» wires in firm positions ; lastly, 
by means which we shall point out prcffently, the two strips of glass are raised 
verlically. At the same instant, the liquid cj^'liiidcr, being liberated from ita 
abaddes, becomes traosfonned Into a nnmerons series of isolated spheres* ar- 
fangtd in n straight line in the direction of the cylinder from which tin y origi- 
nated.* Ordinarily tlje regularity of the systf-ni of spheres thus obtained h 
not ])<'rl"< ct; the spheres present diiierence;* in their respective diameters and in 
the dibtauces which separate them ; this undoubtedly arises from slight acci- 
dental causes, dependent upon the method of operation; but the differences are 
sometimes so small that the regularity may be considered ob perfect. As 
regards the number of 8pbet:^s corresponding to a cylinder ^f determinate 
Icnp^th. it varies in difTereut experiments; but i]u fic vnrirjtinns, which are also 
due to slight acci*lont;d causes, are comprirrd within very small limits. 

51. Let us now coin])letc the description of the apparatus, and add some 
details regarding the operations. As the plate, of glass requires to be placed in 
a perfectly horisontal position, it is supported for this purnose upon four feet 
with screws. A small tnmsTerse strip of thin paper is glned to eacli of the 
extremities of the lower surface of the sfripr* of ;;l;ii;^j, in Fticli a manner that the 
strips of glass resting- upon the plate tb:ou;:Ii liif ni< diuni of \hr^c ?mnl! pieces 
of paper, their lower surface is not in cunuct with the surface of the plate. 
Without this precaution, the strips of glass might contract a certain adhesion to 
the plate, which would introdnee an obstacle when the strips are raised rertically. 
Moreover, the latter are funiished, on their upper surface and at a distance of 6 
millimeters from each of their extremities, with a small screw placed vertically 
in the glass with the point upwards, firmly fixed to it with mastic, and rising 8 
milliD^etcrs above its surface. These four screws arc for the purpose of receiviuff 
the nuts which fix the strips to tbe system by means of which tney are elevate£ 
This system is made of ir>>ii; it consists, in the first place, of two rectangular 
plates, 55 millimeters in length, 12 in breadth, and 3 in tluckness. Each of 
them is pierced, perpendicularly to lnrjr<' stirfacr?, hy two linles, so situated, 
that on |dacin<r ( acli (d* liiese plaffH i l■ans^ rr.-i ly uj)un the extremities of the two 
strips of glass, llie screws wiih which liic lutt< r are furnished lit into these four 
holes. The screws being long enough to project aboTe the boles, nuts may 
then be adapted to them, so that on screwing them the strips of glass beeonie 
fixed in an invariable position with regard to each other. The holes are of an 
elonjrntf d form in the direction of the leT)j:!;th of the iron pi atf s ; hrnee, after 
having loosno <1 the nuts, the distance bciween the two j-inps of glass may be 
increased or uimiuished withont the necessity of removing the plates. A vertical 
axis, 5 centimeters in height, is implanted upon the middle of the upper surface 
of each of the plates ; and the upper extremities of these two axes arc connected 
by a horizontal axis, at the middle of which a third vertical axis commences; 
this is directed upward;*, atid h 15 centiirifters in length. The section of the 
latter axis is square, and it is o niiUiuielers in thickness. When the nuia are 
screwed up, it is evident that the strips of glass, the iron plates, and the kind 
of fork which oonnects them, constitute an invariabl e ^ y s tern* The long Tcrtieal 
axis serves to direct the movement of this system; with this view, it passes 
with very ?li;zht friction through an aperture of the snmr ?rction n? itself, and 
6 centimeters in irnp-th, pierced inA piece which is fixed very iirndy by a suitable 
support 10 ceutiuiciers above the plate of glass. Lastly, the perforated piece 
is provided laterally with a thumb-screw, which allowa the axis to be screwed 



* Wo may remark that the couvon^ion of a metsllic wiie into globiiloi bj tbe slsetile dis* 
shsfgemnsi nadoEblodly be reieirad to Um «une order of pbduonMiUk 



Digitized by Google 



WITHDRAWN FfiOM THE ACTIOK OF GRAVITY, 263 

into tlie tube. By thia arrant^emeiit* if all parts of tlie apparatas have lieaa 
carefdlly iiaished, wbea once the little nuts haive been screwed up, tbe two 
strips of gl.isH can only move simultaneously in a parallel direction to each 
oiLer, and ahv iys iflctiticaHy in the .«?iinf» direct ioii ]>f*rpondicii]?ir to the plate 
of ghiys. When the liquid cylinder is well formed, and the weights are placed 
upon the free portiousi of the copper wirei, the tiuger id pasded under the hori- 
Bontal branch of the fork* and the movable eyatem ia raised to a auttable dis- 
tince above the plate of gla.^-^ ; it is then m liiit iined at this height hy means 
of the thumb-screw, so as to allow the njsult of the transformation of the cylin- 
der to be obijerved. As the am il;^amation of the copper wires always extends 
sligLlly upon their convex surface, the latter is coated with varnish, so that 
the amalgamation only occars upon the small plane seelion. It would be 
almost impossible to judge by simplo inspection of the exaet point at which the 
separation ..f tlie copper wires from each other, to allow of tlie liquid attaining 
a ryiiudj ii il lorm, sli-mi.l he dipconTinued. To avoid this difficulty, the lpn<j;th 
of tlx' cyliiKl.T is f:;ivcii licfori ha:i<l. and this length if marked by two fiint 
scratclies upon the lateral surtace of one of the strips of glass ; the weight of 
the globule of mercuiy, which is to form a cylinder of this diameter and of the 
length required, is then determined by calculation from the known diameter of 
the wire; lastly^ by means of a delicate balance, the globule to be used in th* 
experiment is made exactly of this weight. Al! that then remains to be done 
is to extend th«» Ihtle Tn:!f*^ until the extremities of the copper wire:* between 
which it is included have readied the marks traced upon the glass. Lazily, in 
making a scries of experiments, the same mercuiy may be used several tim«B 
if the isolated spheres are united into a single mass at the end of each obsennh 
tion. However, after a certain number of experiment.^, tlie mercury appears to 
lose its fluidity, and the mn^i* always becomes disnniied at pome prn'nt, in t^pito 
of all possible precautions, beliiie it has become extended to the dt sired length, 
whidi pheuomeua arise from the solid wires imparting a small quantity of cop- 
per to the mercury. The latter must then be removed, tbe plates of glass and 
the strips cleaned, and a new globule taken. The atnalgamation of the wirea 
also sometimes requires to be renewed. 

52. By means of the above apparatus and method 1 ha\ e made n scenes of 
experiments upon the transformation of the cylinders ; but before relating the 
results, it Js requisite for their interpretation that we should examine the phe- 
nomenon a little more closely. 

LbI us imagine a li(iuid cylinder of considerable length in proportion to ita 
diameter, and attached by its extremities to two solid bases ; let us suppose 
lliat it h effectirig transformation, and let us consider the tigure at a period 
of the phenomenon anterior to the separation of the masses, i. c, when this 
figure is still composed of dilatations alternating with constrictions. As the 
surfaces of the dilatations project eztemally from the primitive cylindrical anr- 
fiice, and those of the constrictions on the contrary arc internal to this same 
Furface, wr can imagine in the fip^urc a series of plane sections perpendicular to 
the axi^, and all having a dianu-ter equal to that of the cylinder; these sections 
will evidently cou.siiiute the limits which separate the dilated from the con- 
stricted portion, so that each portion, whether constricted or dilated, will be 
tenninated by two of them ; inoreover, as the two solid bases are neccssarilj 
f9Xt of the sections in question, each of these bases should occupy the veiy 
extremity of a constricted or dilated portion. This being granted, three hypo- 
theses jnt seni themselves in regard to these two portions of the tigure, /. r , to 
those w hich rest respectively upon each of the solid bases. In the first place, 
we may suppose that both of the portions arc expanded. In this case each of 
the constrictions will transfer the liquid which it loses to the two dilatationi 
immediately adjacent to it; the movements of transport of the liquid will takt 
place in the same manner throughout the whole extent of the figure^ and tbe 
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transformation will take place with perfect regularity, giving rise to isolated 
iplicrr.-^ exactly equal in diameter, and at equal dietanc< s apart. This regu- 
larity will not, however, extend to the two extreme dilatiitions ; for as each of 
these iii terminated on one »idc hy a solid surface, it will only receive liquid 
from the constrictioxi w^ich is situated on the other side, and will, tberetbre, 
acquire less decvelopment than, the intermediate dilatations. Under these cir- 
cumstanced, then, after the trrininatioii <>f ilic jjlicnomenon. we ouizlit t<> f\u(\ 
twn portions of F])!K're!« rf.-jK ciiv< l y adherent to two solid basee, eai !i jnescnt- 
iug a slightly less diameter than that of tho isolated spheres arranged betweea 
them. 

In the second place, we maj admit that the tenninal portions of the figure 
are, one a constriction and the other n dilatation. The liquid lost by the iirgt, 

not hcinp: ihen able to traverse tho solid baso. will necessarily n!l In •Irivon into 
the adjacent dilatation; so liiat, a? tlie latter receives all tlit- lii|ui'l in rr-^^^ary 
to ita development on one side oaly, it will receive none from the opposite side ; 
consequently all the liquid lost by the second constriction will flow in the same 
manner into the second dilatation, and so on up to the last dilatation. The 
distribution of the movements of transport will, therefore, still . be' regular 
throughout the fipire, and the transformatinn will ensne in ;i perfectly regular 
manner. 'J liio n gulurity M'ili cvideiuly extend uvea to tlie two iviminal por- 
tions, at lea^i so long a.s the constrictions have not attained their greatcjiA 
depth ; but beyond that point this will not exactly be tho case, for independ- 
ence beiu^^ thea established between the masses, each of the dilatations, exee^.t- 
iog that which rests upon the solid base, will enlarge simultaneously on both 
Bides, po as t'> pa.«s into the condition of tlie isolated splu i e, by appropriating 
to itselt the two adjacent semi-constrictions, whilpt the extreme dil.itation can 
enliuge ou one side. Consequently, after the termination of the phenomenon, 
we shoold find, at one of the soild bases, a portion of a sphere of but little le^s 
diameter than that of the isolated spheres, and at the other base a much smaller 
portion of a sphere, arising from the semi>constriction which has remained 
attached to it. 

Lastly, in the third place, let us suppose that the terminal poiiiuns of the 
figure were both constrictions, in which case, after the terminatiou of the phe- 
nomenon, a portion of a sphere equal to the smallest of the two above would 
be left to f«ch of the solid bases. In this case, to be more definite, fet us 
start from one of these terminal constrictions ; for instance, that of the left. All 
the liquid !n«t by thi.-^ i\v>l cjii^trictinn beinp: driven into the contigu<nis dilata- 
tion, and being sutiicient for its developniuut, let us admit that ail the liquid 
lost by the second constriction fdm passes into the second dilatation, und so 
en; then all tho dilatations, excepting the last on tho right, will simiily acquire 
their normal development; but the right dilatation, which, like e leli of the 
otberj^, rect I\ ( s from that part of the constriction which precedes it the quan- 
tity el liquid neco!«S!iry for its development, rereivo^i in adflitiou the same 
quaniily of liquid trom that part of the cotisuiciiuu which i» applied to tho 
adjacent solicl, so that it will ue more voluminous than the otliers. Hence it ii 
evident, in tho case in point, that the opposed actions of the two terminal con- 
ttrictions introduce an excess of liquid into the rest of the figure. Now, what- 
ever other hypotheiia may be maac re?*pecting t|je distribution of the move- 
nientr^ of tran-j>ort, it must always hapjien either that tlie exe< ss of volume is 
simultaneously distributed over all the dilatations, or ihui it ouh augments tho 
dimensions of one or two of them; but the former of these suppositions is 
evidently inadmissible, on account of the complication which it would require 
in the movements of transport; hence we must admit the second, and then the 
isolated spheres will not all be equal. Thus this third mode of transformation 
would nceessarilv of ifsell" indtu-e a caTis(> of irre<rnlnritv : .'Uk], moreover, it 
wolUd not allow of a umiorm dislnbutiuu of the movements of transport, bo- 
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tame there vonld be oppontion in regard to these movementa, at least in the 
terminal constrictions. 

It mriy, tluTt-'forr, Im* rpfr.irded as very probable* tli;it the tr;in,-»formation tak(."3 
place accuriiiii}^ uj ojiu or llio other of iht; two lirst methods, and never accurd- 
Ing to the third, i. c, that things will be &o arranged that the tigure which id 
traasformcd may have for its terminal portions either two dilatationSt or one 
constriction and one dilatationf but not two constrictions. In the former case* 
as we have seen, the movement of the liquid of all the oonstricdons would 
ensue on f)oth sides simtilt.iiicousjy ; and in the !*ocond this movement would 
occur in all in one and the fiMur direction. If this is really th(^ natural arrange- 
ment of the phenomenon, we can alno uiuleif*tand how it will be preserved even 
when it is disturbed in its regularity by nli^^ht extraneous causes. Mow, this, 
as A\ o shall see, is confirmed by the experiments relating to the mercuri^il 
cylinder. Although the transformation of this cylinder has rarely yielded a 
perfectly regular system of "phf-rcHs, 1 ha\^e found in the great majority of the 
rcaulls either that each of the tuild baizes was occupied by a mass litth; les5 in 
diameter than tlje isolated spheres, or that one of the basca was occupied by u 
mass of this kind and the other by a much smaller mass. 

53. For the sake of brevity, let us denominate dicisions of the cylinder those 
portions of the figure each of which furnishes a sphere, \vhether we consider 
thofP portions in the imagination ar^ in the cylinder itself, before the com- 
menctmeut of the tranj*forniation, or whether W(; take them during the accom- 
plishment of the phenomenon, i*. c.,dnring the modilications wliich they undergo 
in arriving at the spherical form. • The length of a division is evidently that 
distance which, during the transformation, is comprised between the necks of 
two adjacent constrictions; consequently it is equal to the sum of the lonp:th9 
of a dibitation and two eemi-constrictions. Let us, therefore, see how the 
length in question, i. c, that of a' division, may be deduced from ^le result of 
an experiment. Let us suppose the translormatioo to bo perfectly regular, and 
let i be the Icngtli of a division, / that of the cylinder, and n the number of 
isolated spheres foun»l ader the tcrniiiiat;n:i of the jjhenomenon. Kach of these 
spheres being furnished by a comph tc division, and each of flio two terminal 
masses by part of a div!^=ion. tlic Ic npiii I will consi.st of n times A, pins two 
fractions of /. To c-stimale the values of these fractions, we must recollect 
that the length of a constriction is.exactiy or, ap^meutly equal to that of a dila- 
tation, (§ 46 ;) nowt in the first of the two normal cases, (§ 52,) i. when the 
masses remaining adherent to the bases after the termination of the phenomenon 
are both of the large kind, oach of them evidi inly arises from a dil iiation plus 
half a ( oiisiru'ton, tliciciore three-fonrllis of a division ; lln- ^uIn <jf the lengtiis 
of the two portions ol the cylinder which have furnished these masses is, there- 
fore, equal to once and a half Ji, and wo shall have in this case l=^{n 1.5) X, 
i 

whence JLz^ In the second ca^c, i, c, when the tcrminai masses con- 

«-f 1.5 

sist of one of the large and the other of the small kind, the latter arises from a ' 
eemi-constrietion, or a fourth of a divi:>ion, so that the sum of the loti-tlis of the 
. portions of the Cylinder corresponding to these two masses is e^ual to X ; con- 
sequently we shall have X =: ^"^T^* 

As the respective denominators of these two expressions represent the num- 
ber of divisions contained in the total length of the cylinder, it follows that 
till- number w ill always be either simply a whole number, or a whole number 
aud a half. On the other hand, as the pheiiomenon is govenx'd by dt t< rtniiiate. 
law^s, we can underst^ind that for a* cylinder of given di^uncter conqjosed of a 
given liquid, and placed under given circumstances, there exists a normal 
length which the divisions tend to assume, and which they would rigorously 
asBume if the total length of the cylinder were infinito* If. then, it nappona 
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tbat tlic total l(?Dgth of the cylinder, altLoygh limited, is equal to the product 
of the iioriual lon<rth of flic divi^^Htns hy a ^vlK)lo ntimbor, or rathrr a whole 
number plus a ball, uolbiug will prcvcut the divi^^ions from exactly assuming 
this normal length. If. on tbe otiier hand, which ia generally the case, the 
total length of the cylinder fulfils neither of the preceding condittone, we ahoald 
think tiiat the divi^^ionH would asaume the neaverit po^^ible to the normal length; 
and then, all oihor tliini:^ boii)"- equal, llie diffurenco will evidently be a* madl 
less a.s ih<* div i.-«ions urc more nume rous, or, in other words, as the cylinder 18 
longer. We should uUo believe iliui the transformation would adopt tbat of 
the two methods which is best adapted to diminish the difference in question, 
and this is also confirmed by experiment, as we ehatl 8ee presently. Ileuoe* 
jihlir.tiirh, us I bavt^ aln-ady titalcJ, the transformation the cylind.-i- <.f mer- 
cury aiI^o^•t alw ay.'^ cn^iH's in one of tin* two norm il uiethodf, tin- r< >uh is 
rarely very regular; we must, thcruforc, admit that slight accidenul di^iturbine 
cavses in general render the divtsic^s formed in any one experiment iioeqav 
in length ; but then the oxni-e.>.^ions of / obtained above evidently give in each 
experiment the mean length of thene divisions, or, in other words, the comOMHl 
lenprtli w hich the divisions would have taken if tl)o transformation had orrnrrc»d 
in a perfectly regular manner, giving rise to the game number of idoialcd 
Spheres uud to the ^^me btato of the tuymiual miusseii, 

Lastly, since tbe third method of tnuisformation presents itself, t. e.i since it 
sometimes happens tbat each of the bases is occupied by amass of the small kind, 
if we would leave out of eonsideratimi the particular cause of irregularity inhe- 
rent in thi^» mctliod, (th«» preceding paragraiili.) und find the coi .< -ponding 
expression of ii need only be remaiked tlutt each of the termmul mas.>fes 
then proceeds from a semi-constriction or the foturtb of |t divisioi!, which will 

/ 



evidently irivc A= ^ 

.04. I shall now relate the results of the experimentg. The diameter of the 
co|i|»( r wire ronsequently of tin* cylinder, was 1.05 millimr t( r. I tii f^'ave 
the cylinder a length of 90 millimeters, and repeated the experiment ten limes, 
noting after each the number of isolated spheres produced, and the t^tate of the 
masses adherent to the hmvi^ ; I then calculated for each result the corre«ipond- 
ing valneof the length of a divisi»>n, by meaus of that of the three formulae of 
the preeodinp: paragraph wjjich refers to this snme rcs^ult, I at'trrwards made 
ten mor( < \|M riments, ^ivin;; thv! cylinder a length of 100 millimejers, and al.»o 
calculated ibe corresponding values of the length of a division. The table con 
tain« the results fumisbod by these cylinders, and tbe values deduced for the length 
of a division . I only obtained a perfectly regular result in ono case in each series; 
I have placed an * opposite tbe corresponding number of isolated sphere«<. 



Itoagth of tho cyUo(l<>r 'JO ini^l'nteUTS. 
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Mosnea adhmnt to tho baws. 



10 

13 
15 
14 
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11 

12 
13 
II 



Two large. 

Two laige 

Two smaU 

Two Irtrgo. 

Two hvgo 

Two largo 

Tv.u 

Quo Inrjje aod ooo sniall 
Two largo...,..,. 
Two iurge 
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diVMiOO. 
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7.!?3 


11 


6.G7 


14 


7.20 


14 




14 


&.8J 


•J4 


7/20 


13 , 


T.'JO 


11 


6.1« 


14 




J3 


7.80 


10 



Ji«utM odiieruDt to ibc ba«f-s. 



« 

Olio large and one small 

Two large 

Two large 

Two lorge 

One large and one amaU 
One large and one small 

Two 

One largo and one enixUl 

Two iai^ 

Two huge 



Of • 



miliimM. 

6.45 
e.45 

8:eo 
6.67 
C.9U 
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This tabic shows, in the first place, that the different valnes obtained for the 

length of a diviaion arc not so ftir removed from ench other as to prevent our 
pcrceivinL'- i eotistant valiif^, the uniformity of whirli is only altered by the 
influence ot slijjhf accidental causes. In the second place, out of twenty ex- 
peiiincuts, it Luupeued oucc only lU-it Uic maoi,<-a udhcnnit. to ilw ba-o Vrre 
both of the smal) kind. In the third place, both the perfectly rei,ulai rc^iultd 
bave given 'identic. illy iho aamo value for the length of a division; this valae» 
e^Lpresr^od approxiiu itivrly m two d t ii.ial places, is G ( 17 uiiliiiU'M. is ; but its 

exact eXJ)l■l■s^ioll is ll'rj lailljlU-lrtS ; foi- tll«- njii'iat'.M) to lie rlVcrJrd CuU^i.-t.-, Ill 

tijo c:l^?c• of tint ilr.-t. -rricr^, in tin- (iivi-ii.ii <»t ^U) uiiil iiM ii i s Ijv \ '>.r>, uiid. in the 
case of the second scnu^, iu ilc division ui" iOU luilliiii.jLeia by lii. A- iht- two 
lengths given to the cylinder are considerable in pi oijortiou to the diameter, ami 
conseqnentlj the unmb< r.^ division are tolerably Urge, this value, 6 J mil]i« 
meters, on^jiit very m ui ly. ii not exactly, lo rou,^titutc tli-it of the normal Ini-^th 
of th(! divisions, it is sfcji, ni ncuvt r, ili.ir to ^\yr ilir divisions fbls cbtscly 
iippruximative or < x;ict, value ol lln- iifjirn il 1< ihr tiauslonuutiou hm 

^mosen, in oau ciu-u ibc iii-.-t. in ihc uiher cade iLe .-ecuud miiliod. 

&5. Let ns pursue our iiujuiiy into the laws of the phenomenon with which 
we are ciicraged ; w« . lull soon make an important application of them, and it 
will tlicii bi' under-^tt'id w]iy ><> r\Tr.i.-i\ a (Ir\-cIopmeui ^'Ivm to lliis ]i:irt uf 
our M-ork. If niii^li' b.- rc^^udrtl as cviiiriif a jj/in,/' tli.it tw., <-yi:n(bTS luinied 

the iaiue lit^uid ani.l plarrd iu iL*; ;^aLuc cacum.-tanri s. biii tliltmiii;' in diaincier, 
woald tend to become di\ided in the same manner, /. lirut thr n ^-iuctivc uor- 
mal lengths of the divisions would be to each other in the jtruportion of the 
diameters of these cviimb : s. 

Tti ordiT to Verify tliis law by rx jici I iiKnJ , T prrM ur' d sonif copper M'irfjJ, fliO 
diriinc ti'r ot' which was rxaclly donlilc lhai of thr llr.>i, llirri fur.- c(jual to td.l 
luiduueLgtii, aud i lu.uic vv^iiii ihcm u uc \v rics of ten rxpi-i Inirnts. i^iviii;^^ the 
cylinder a length of 100 miltimeters. This series also fiiraishcd uic with only 
a single perfectly regular result, which I have denoted as before by an • placed 
opposiu the corresponding number of isolated spheres. The following is the 
table relating to this series : • , 




7 
t 
6 
7 
•ti 

C 

8 
8 
0 



Twi) smull 

Two luTffe 

():ir 141' airi <<iiv s:ii;iM 

'I'vvo iarj^... 

'I w <i lat^io - 

()a(! lurgi" iiiid out euiuU 
(*iie Im^e aud one small 

I'w ii 1 

One luiyi- iiU'l oiu"! MiiuU 



13.3S 

13.33 

i;5.;;;{ 

11.11 

1 1.7G 
J 1.2b 



By stoppiiii; at the second decimal place, wo have* as is evident, 13.33 milli- 
meterH for the value of the leu'jth of a division corret^ponding to the perfectly 
regular result; but a.** the operation which yields it consists in the division of 
lUO by 7.5, the value when perfectly expressed is 13^ miliimeiers. Thiis then 
is very nearly, if not exactly, the normal length of the divisions of this new 
^linaer; now this length, 13} millimeters, is exactly twice the length, 6} 
millimeteiSt which belongs to the divisions of the cylinder of the preceding 



1 
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pamgrapli ; iIk . e two longths arc therefore, in lact» in the proportion to Mfsh 

otber of* the diaun'tcrs of the two cyliiiih : .-;. 

As tho pf-rfectly regiihir n-snlt of the above table has f^iven a matss of the 
larger kind to each bai:e, it follow.^, that to enable the dlvi^sions of the cjliuder 
itself to adsume their normal length, or the nearest possible length to thm, the 
transformation lia.s nc^ei's.-iarily ensncd according to the fonncr melhod ; wLiUt 
in re;rard to a cylinder the diameter of which is a half lees, and tlu; total length 
of wlti' it i- thr itamo, I'OO miliimctcrSy the transformation ensued according to 
the 8ccou<l method, (§ 54.) 

Here, (dso, the case in which thei'e are two masses of the small kind to the 
solid bases is the least frequent, although it occurred twice. Lastly, the differ^ 
ent values of the length of a division arc more concordant than iu the second 
scrie« rcl.itinir to tlic liist dianu-ter, and consrqtuTitly sliow the tendency towards 
a eonsiaiit vahit^ Ix iti r; we ahio see that the uormal length is that which is 
most i'iv^uently reproduced. 

56. According to the law which we have just established, when the nature of 
the ]i(|uid and external circumstances do not change, the normal lengtli of the • 
divisions is proportional to the diameter of the cylinder; or, in oilier wor»is, the 
proportion of the normal length of the divisions to the dkmctcr of the cylinder 
is constant. 

As we have seen, the diameter of the cylinder in paragraph 54 was 1.06 mil- 
limeters, and the normal length of its divisions was very little less than (3.G7 
millimeters; con^H•r|uentIy, when the liquid used is mercury and the cylinder 
rests upon a plate of glass, the value of the constant proportion in questioa is 
... , 

— — 6.36, which approximates closely. 

To fUjccrtaia whether the ii inire of the liquid and external circumstances 
exert any inducncc upon this proportion, we shall now determine the ^ue of 
the latter in the ease of a cylinder of oil form; <! hi the alcoholic mixipre, which 
mny he efi' ctnl, nt lea.st approximativel}', with the aid of the n ^^ttlt of the 
cxiK-riTm ni in i)aiML:rn|>li 47. To «?ni])lify the consitlevntions, we bhali suppose 
that tiie imnHlurniaiion doeii not coninK-nee until the rapidity of transference has 
entircly ceased. The point of the funnel, on the one hand, and the section by 
which tho imperfect liquid cylinder is in contact with the mass which collects 
at tiio bottom of the vc!?:^el, on tho other hand, may then be regarded as playing 
the pnrt of the two base^ of the f];rnrc. Now it is evident that, rotrard? the 
seeouil <it these bases, the ia.st porliou of the figure which is iransiormed .^houid 
be a constriction ; for if it constituted a dilatation, there would be dhicontiuuity 
of the cuiTature at the junction of tho respective surfaces of the latter and tM 
large mass, which is inadmissible. But t!ic same reason doc s not apply t * t!io 
other h:\?c; and experiment .»^hows that in this case a tlil.it ition is formed, be- 
cause after the termination of the phenomenon wo nl\s ay - liml at the point of 
the funnel a mass comp;uablc to the isohited spherca. Hence in this experiment 
the transformation ensues necording to tho second method. Therefore, as the 
whole length of the figure is about 200 millimeters, and as the traii-l.uiu ition 
constantly yields two isolated k s, the mean length of the diviaiona has 

* 200 
(§ 53) for its approximative valne —^^ millimeters = 66.7 millimeters ; I say 

th'^ mean length, because, as ilie diameter of the figure increases slightly from 
the summit towards the base, the divisioua oie probably not exactly equal in 
length. It must be added here, that the transformation ensues under circnm' 
stanceie which are always identical, and consequently, in. the absence of aoei- 
denUd distarhtii*^ eaine^, the above quantify on;rliT to represent the uonnil , 
length gf tho di visions, or the nearest possible length to the latter, ^ow, 1 
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estimate the mean diameter of the figure before the transformation at about 4' 

66 7 

milUmctere ; wo should coiuequcntl/ have =£ 16.7 as the approxtmatiye 

valae of the pro})ortion between the normal length of the divisions and the 

diameter of the cylinder. 'IMiis i^, theroforf, approximativcly (Ik confdant pro- 
portion fon^Iit in tho tM-^-^ n rylitulnr of oil fnrnii'fl in tin- ulcoholic mixture; 
now tlii« pro[jortioii, ha i.-s i;vitient, i.^ much grcf.itt r than that which bclongii to 
the case of a cylinder of mercury resting upon a plate of gloss* 

In fact, tho length 66.7 millimeters may difler somewhat materially from the 
normal length ; for if, on the one hand, tli ' wliolo length of the figure of oil is 
consiilerahlf in rcp^ard ti) its (]i;imoter, on tiic oih< r h ind, nnni^ 'r of division* 
whic!) form tlicn- is vrry f^ninll. Let ua thfn per, fur in -t uuc, wli it is the least 
value whicli the normal icngth of these divisions may have. We muht in the 
first place remark, that in this case, notwithstanding the absence of disturbing 
caOFos. the third method of transfor nation is possible; in fact, as tli(^ lower 
constriction is adherent to a liquid base, nothing can prevent tlji? «)il which it 
loses from traversing this base to rcru-h the largo inij^". tlint in the third 
method, also, the direction of the movi. inonts of tiTuit»pj»rt may In- the same in 
regard to aU the- constrictions. (§ 52.) This granted, as the denominator of the 
expresffton which gives the length of one division can only vary by half 
units, (53.) and as the length which we have found resulted from the division 
of 200 millimeters by 3, it follows that the length immediately below would bo 

millimeters z= 57.1 millimeters, which wonld correspond to three isolated 

3.0 

spheres and a transformation dispos^'d according to the third method. But aa 
matters do not take place in this manner, since there are never more than two 
isolated spheres formed, and thi> transformation always endues according to 
the second method, we must conclude that the normal length of the divi, inns 
approximntJ'S more cloj-r-ly to the length found, GG.7 millimel*'^^, t!nn the 1' ugth 
57.1 millimeters. If, then, the normal length is greater than the lirst of iheso 
two quantities, it must at least bo more than their mean, i. c.,G1.9 millimeters; 
consequently the relation of the normal length of tho divisions and the diameter 

01,9 

of the cylinder is necessarily greater than —~ = 15.5; now Una latter num- 
ber con iderably exceeds tho number 6.35, which coiresponds to tho mercurial 

cylinder. 

Thus, the proporLiou of ihe4iormal length of the divisions to the diameter of 
the cylinder varies, sometimes according to the nature of the liquid, Bom^imes 
acooraing to external circumstances at others according to both these elements, 

57. But I say that ilicre i-^ a linili Ix low wliieli this proportion cannot descend, 
and that tliis i.^ esaeily the limit of nraliility. Let tis im r^iue n liquid cylinder 
of sutiicieut h ngtli in proportion to its diameter, comprised between two solid 
bases, and the transformation of which is taking place with perfect regularity. 
8upp >se, for the sake of clearness, that the phenomenon ensues according to the 
second method, or, in other words, that the terminal portions of the figure con* 
sifit one of a constriction, the other of a dilafatinu; then, as we have seen, (§ 52,) 
the regularity of the transtorraation will ( .\!<*n(l to these latter portion;*; i. r . the 
terminal constriction and 4hc dilatation will be respectively iJeniical with the 
portions of the same kind of tho rest of tho figure. Ijet us then take the figure 
at that period of tho phenomenon at which it still presents constrictions and 
dilatations, and let us again consider the section:^, tlie diameter of wliich ir« equal 
to that of tho cylinder, (§ 52.) Let us start Innn the tirmiual constricted por- 
tion ; the solid base upon which this rests, and which constitutes the fust of the 
sections in question, will occupy, a.H we have shown, tho origin of the constrio* 




^'4 
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t^on itsf'ir; wo filial! tlirii have a second section at the origin of the first dilatation; 
a third at thf ctn<;in of the second constriction; a fourth at the ori^n of the 
becoud dilatation, and go on; so that all the sections of the even series* will 
occupy the origins of the dilatations, all those of the odd series the origins o£ 
the constrietionB. The interval compriaed between two conBCcntive sections of 
the odd sorie^ will therefore include a constriction and a dilatation ; and as the 
figure begin;* witli a constriction and terminates with a dilatation, it id chsar that 
its entire length will bo divided into a whole number of ftimiiar intervals. In 
consequence of the exact regularity which wc have supposed to exist in the 
transfomifttion, all the intervals in question will be equal in length ; and as the 
mom .1 i; vhich we enter upon the consideration of the figure may be taken 
arliitrarily from the origin of the [)hi iiomenon to the maximum of the depth of 
the constrictions, it follows that the equality of length of the intervalf? r^iib^iFts 
during the whole of this period, and that, consequently, the sections which 
terminate these intervals preserve during this period perfectly fixed poaitions. 
Besides the parts of the figure respectively contained in each of the intervals 
undergoing identically and simultaneously the same modifications, the volumes 
of all tliofo part^' remain equal to each other; and n^i ihoir pum is alwaya equal 
to the total volume of the liquid, it follows that, from ihv. origin of the trans- 
formation to the maximum of depth of the constrictions, each of these partial 
volumes remains invariable, or, in other words, no portion of liquid passes 
from any one interval into the adj:icent ones. Thus, at the instant at which 
wc cousidrr the figure, on the one hand, the two sections which tmninatf' any 
one interval will have preserved tht ir jirimitive positions and their di irueiers; 
and on the other hand these sections will not have been traversed by any por- 
tion of liquid. Matters will then have occurred in each interval in the same 
manner as if the two sections by which it is terminate d had Imm m solid disks. 
But the transformation cannot ensue between two solid disks, if the proportion 
of the distance which pr paratcp the disk? tn tlu* diamr'ter of ;hmylind«'r is h><s 
than the limit of stability; the proportion of the length of our intervals and the 
diameter of the cylinder cannot then be less than this limit. Now, the length 
of an interv al is evidently equal to that of a division ; for the first, in accord- 
anco with what we have seen above, is the sum of the lengths of a dilatation 
and a constriction ; and the second is the sum of the h-ngths of a dilatation and 
two serai-constrietions, (§ 53;) the proportion of the length of a division to the 
diameter of the cylinder cannot then bo less than the limit of stability; and we 
may remark here that this conclusion is equally true, whether the divisions ars 
able or not to assume exactly their normal length. 

58. Lrt US now attempt: to nsecrtain tlie infinrnco nf (lie nature of the liquid 
and that of (\\tcnial ciicumstuDces, comni» neiiig with the latter. Onr liquid 
cylinder of mercury, along the whole of the line at which it touches the plaic 
of glass, must contract a slight adherence to this plate, which adherence most 
more or less impede the transfortiation. I'o discover whether this resiataaes 
eiTorted any influence upon the normal length of the divisions, consequently 
upon the proportion of the latter to the diameter of the cylinder, a simple 
means presented itself, viz., to augment this resistance. To arrive at tlii« 
result, 1 arranged the apparatus in such a manner as to remove only one of 
the Btrips of glass, so that the liquid figure then remained simultaneonsij in 
CO tact with tae plate and the other strip. I again repeated the experiment 
ten times, using eoj>per wires 1.05 millimeters in diamc tf'r, and giving ths 
cylinder a length ol 100 millimeters. The fuUowing were the results : 
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9 

8 

9 
8 
11 
8 
8 
8 
8 
6 



One lar^rc and one smnll 
Otio \t%rfr(. and oua somU 
Olio l»rgft and one small 
Olio !:u L"< and one flmaU 

Two HiiiitU 

Oup ifvrgtt und one entftlt 
One lur^' tind 006 small 
Two large 

Oac Inrge end one small 
Two large 



11.11 

10.00 

11.11 

8.69 
11.11 
11.11 
10.53 
11.11 
13.33 



It is evident tliat the different Talucs of the leugth of a division, with a sin- 
gle exception. Jire all ohvion-'ly pirratd tij in all tl)o.«e which relate to <a cylinder 
of the r^aiur tiiainctt r, the t<uriac«: of wlii. h rmly touches the f^laf<8 by a ningle 
line, (§ o4.) We niu^t thence conclude thai, uU oilier thinga being tlie same, 
the length of the divisions increases with the external resistanoe; eonsequently, 
under the action of the same resistance, tWi^* lengili necessarily greater than 
*it would be if the convex snrface of the cylinder lnu Ix-en perfectly free. 

In the nbovp Pf'ri(^s nettlier of the re:*tiltrt appear.-* to b(; v<tv n-'jrnlar ; luit we 
can renflily understand that ihf m^an of the values of thu third column will 
approach the normal leugth of the divi:*ions. This is, moreover, eontirmed hy 
iho tables in §§ 54 and 66. If wo take in the former the respective means cif 
the'valueH of the two fciu s, w find for one 6.77 millimeters, and for the other 
7.17 millimetera, quantities, the fir««t of which is nearly equal to the length 
6.G7 millimeters, which may be considered as the normal length, and from 
which Ht'cond do*'s not difft r much : and if likewise we take the relative 
mean m tlu* tuUowiug table, we find lo.ift millimeters, a uuantity very near 
the length 13.33 .millimeters* which in the ease of the secona table may also be 
regarded as tlie normal length. Now, the corresponding mean in the^bove 
table i.s 10.81 millimeters; consequently, in the case of two lines of contact we 

have -^fp- -~ 10.29 as the nj)proximat<5 value of the proportion of the normal 

length of th'- divisions to tlio diameter of the cylinder, whilst in the case of a 
single line of contact we lound only 0.35. Hence the proportion between the 
normal length of the divisions and the diameter of the cylinder increases by 
the effect of an external resistance. 

d9. Letns proc<^ to the inflnence of the nature of tlie liquid. All liquids 
are more or lo-'f viscid ; i.^.. (h^ir molecules do not ( tijoy perf'Tt m bility with 
regard to each other. Now, this givi - rise to an internal rcf^istunce, which 
muut also render the transformation IteA easy ; and aH external rc^^istiincea 
increase the length of the divisions, we can understand that the viscidity will 
act in th^ same manuor; consequently, all other things being equal, the propor« 
tion now under consideration will increase with this viscidity. l*ut,on the other 
hand, with equal curvatures, the intensities of the forces which produce tlie 
trrtTi«f<-i ination vary with thv nature of the liquid ; for these inteusiiies depend, 
in the case of each liquid, upon that of the mutual attraction of the molecules. 
Now, it is clear that the viscidity will exert so much more influence upon the 
length of the divisions as the intensiti(;s of the forces in question are less. 
Thus, leaving external resistances out of the question, the proportinns of the 
normal letrgth nf tlie divisions to the diameters will be greater in proportiou tO 
the viscidity oi the liq^uid and the iecbleucss of the contiguring ibrccd. 
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The inteoBitics of tbc con6gnring forcce corresponding to different Iiqnldf 
maj be compared nnmGricaliy for tbo smne cnrvatores. In faeti let first 
bear in mind that the pref?sure corrcispondiDg to one element of the snperficial 
layer* and reduced to unity of tbo surface, is expressed by (§ 4,) 

« A / 1 1 \ 

Now, the valoG of tbe part P of tbis prcssorc being the same for all the elements 

of the superficial layrr. :md the prf-'-nres beiiii:: trnnsniirtrd throughout the 
mnf^, thii* part 1* will always be destroyed, whether equilibrium exi^•ti9 in tho 
liquid figure or not ; eo that tbo active part of the pressure (lliat wliieh consti* 

tntes tbe configuring force) will bavc for its measnre simply ^ + 

Hence it is evident that when the curvatures arc equal, the intensity of the 
configiuiug force arising from one element of the superficial layer id propor- 
tional to tbo coefficient A. Now, tbis coefficient is tbe same as tbat wbicb 
enters into the known expi'c&sion of tbe elevation or depres8iou of a liquid in a 
capillary tube ; consequently the measures relating to this elevation or depre.*i- 
pion \vi!l ffwp u<. in the case of each liquirl, the value of the copfficirTit in ques- 
tion. Hence w(; may also say that tlw? proportion of the normal lenj^th of the 
divisions to the diameter of the cylinder will be greater oa tbe liquid is mor^ 
viscid and as tbe value of A wbicb corresponds to tbe latter dimini^bcs. For 
instance, oil is mtuli m- re viscid than mercury; on the other hand, it would 
be easy to show that the value of A i-» niiu li hv-s for the firnt th in for the 
second of these two liquids ; 1 1 t!y, this valtu: mu.<t be much (liniiiK-ln d in 
regard to our figure of oil by the ]>rt'sence of the surrounding alcoholic hqiml, 
the mutual attraction of tbe molecules of tbe two liquids in contact dtminisLing 
tbe intensities of tbo pressures, (§ 8.) Tbis is wliy the proportion belonging to 
a cylinder of oil fomied in tbo alcobolic mixture considerably exceeds that be^ 
longing to a cylinder of mercury resting upon a plate of glass, notwitbstanding 
the slight external resistanr*^ to which the Intter is sulijccred. 

CO. It follows from this discussion concerning the resistances tbat tbo 
smallest value wbicb the proportion of the normal length of tbe divisions to 
' tbe diameter of tbe cylinder could be supposed to bave corresponds to tbat 
cxise in which there is aimult cn ously complete abscnc- of ( xti i n il n'<i-laiico 
and of viscidity; and, r th demonstration given in § .07, this least value 
will be at least equal to limit of tabilily. Now, as all liquid;- are more or 
Jees viscid, it follows thai, even on the Ji vpolhesiij of the annihilation of all ex- 
ternal rcsii»tance, tbe proportion in question will always exceed tbe limit of 
<(tability; and since tuis is more tbau 3, tbis proportion will, d Jbriicri, be 
alH'ays more tban 3. 

It i-^ eoneeivable that the least value consiflered above, i. c, that which the 
prfip'.rii iM would have ia the case of compii tr abnence of resistance, both 
inierual as well us external, would be equal to the limit of stability itself, or 
would very slightly exceed it In fact, on tbe one bond, the proportion ap- 
proximate s to this limit as tbe resistances diminisb, a^id on tbe o&er band, if it 
exceeds it, the transformation becomes possible, (§ ^^0 bcnce wo see no reason 
why it should ditiVr sen^*ibIy iVom it it' the resistancr'=i \v< t absolutely null. 
Tiie results of our experiuji at-, nioiruvcr, tend to coniinn this view. Fir>f.. 
Buicc the proportion belonging to our cylinder of mcrcuiy descends from 10.29 
to G.35, passing from tbat case ui wbicb tbe cylinder toucbes tbe gla^s at two 
lines to tbat wberu it touches it at a single one only, (§.38,) it is clear tbat if 
this latter coniiicl itself could be suppressed, which would leave the influence 
oi' tbe viscidity alono remaining, tbe proportion would bmmo mncb less tban 
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6.35; and as, on tlie other hand, it must exceed 3, wo might admit that it would 
at \e&6t lie betweeu the latter number and 4, so that it would closely approxU 
mate the limit of stability. If* theiif it were possible to exclude tbe Tisctditj 
abo, the new decrca^se which the proportion woald then expenenee, woald very 

Srobably bring the Iatt« r to the very limit in question, or at least to a value 
ifferiug but ( xcf rdinp^ly little from it. Thuf, on the one hand, the loast value 
of the proportiou, that corresponding to the complete absence of resistances, 
would not differ, or scarcely so, from the limit of stability ; and on the other 
liandi under the influence of viscidity alone, the proportion appertaining to the 
mercury would be but little removed from this least value. Hence it is evident 
that the infhirncf of thp viscidity of mercnry is smnll. which is moreover OX* 
plain<'d by tlio well-known feebli'ness of thi.-i Fnmo viscidity. 

\Vc am now uudersitaud in the case of other but very slightly viscid liquids, 
siidi as water, alcohol, ^cc., where the visddity is not able to form more than a 
minimum re^^istanco, that this viscidity, notwithstandmg the differences in tht 
inten^^ities of thr> confij^nrin^' firci s, will also exert onlr a feeble influence upon 
the proportion in question. Hence it result? that, in tlie absence of all external 
resistance, the values of this proportion respectively corresponding to the various 
very slightly viscid liqnids cannot be very hr removed mm the limit of sta- 
bility; and as the smallest whole number above this is 4, we may in regard to 
these liquids adopt this nnmlter as representing the mean approximative proba- 
ble value of the proportion in qnoftion. 

Starting from this value, calculation gives us the number 1.82 as the propor- 
tion of the diameter of the isolated spheres which result from the transformation 
to the diameter of the cylinder, and the number 2.18 for the proportion between 
the distance of two adjacent Spheres and this diameter. 

61. There i.^ another consequence arisinj^ from onr di.'^cnp??ion. For the sake 
of simplicity kt the diameter of the cylinder bo t iken as unity. The propor- 
tion of the normal length of the divisiou to the diamt ter will then express this 
normal length itself, and the proportion constitutii the limit of stability will 
express the length corresponding to this limit This admitted, let us rcsnmt 
the conclusion at which we arrived at the commencement of the preceding sec- 
tion, which conclusion we fhall conpequently fxprej^s here by stating that in 
tbe ca.se of all liquids the normal length of the divinions always exceeds the 
limit of stability ; we must recollect, in the second place, that the sum of the 
lengths of one constriction and one dilatati(m is eonal to that of a division, 
(§67;) and, thirdly, at the first moment of the transformation the length of one 
constriction is equal to that of a dilatation, (§ 4G.) Now, it f »!InW8 from all 
these propositions, that when the transformation of a cylinder begins to take 
place, the length of a single portion, whether cuni^tricLed or dilated, is necessa- 
rily greater than half the limit of 'stability ; consequently the sum of the lengths 
of three contiguous portions, for instance two ditatations and the Intermediate 
constriction, is once and a half greater than this same limit. Ilcnre. la.^tly, if 
the distance of the solid bases is compri.>^e(l brtwoen oner and once and a half 
the limit of stability, it is impossible for the limit of stability to give rise to throe 
portions, and it will consequently only be able to produce a single dilatation in 
jttxtaposition with a single constriction. This, in fact, as we have seen, always 
took place in regard to the cylinder, in § 46, which was evidently in the above 
^ndition, and the want of symmetry in it.-* transformation now becomes explicable. 

0'2. As stated at the conclusion of § A^, we have yet to describe a reuutrkuble 
fact which always accompanies the end of the phenomenon of the transformation 
of a liauid cylinder into ieohtted masses. 

In tiie transformation of large cylinders of oil, whether imperfect or exact* 
(§ 44 to 4G,) when the constricted part considerably narrowed, and the sepa- 
ration seem.-4 on the point of occurring, the two masses are seen to flow back 
rapidly towards the rings or tbe disks; bat they leave between them a cyliudri- 

• 18 8 
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cal line which still eBtablisheB, for a very short tune, the oontiniiitjr of the one 
with the other* (Fig. 28;) this line then resolves itself into partial masses. Xt 




generally (liyidcs iuto three parts, the two extreme ones of wLich become loai 
in the two large masses, the intermediate one forming a spherule, some milli- 
meters in diameter, whic^ remains uolated in the middle of the interval which 
separates tin- lai^ masses; moreover, in each of tlic int rval- between tbia 
spoemle and the two larf^ masses, another very much smaller sphorulf seen, 
whi^h indicates that llir ?( parnt(on of the parts of tho above line u alno etfectcd 
by attenuated lines. Fig. 29 (PI. VIII) represents this ultimate i^tate of the 
liquid systt m. The same {.'ffects are produced when the resohuiou of the thin 
and elongatifd cylinder of oil of § 47 into spher^ occurs, only ihcre b in one 
or the other of the intervale between the spheres frequently a larger uumbCT 
of spherules, and, besides, the formation of the principal line is h-ss easily 
observed, in conseqnonco of the more rnpid prn^rcF? of tlio j)hf nrdTu nn. L:istly, 
in the case of onr cylinders ol" mercury, the resolutiou iiuo spheics liikt;? place 
also in too short a lime to allow of our perceiving the formation of the lines ; 
bnt we always find, in several of the intervals between the spheres, one or two 
very minntc spherides, whence we may eonclnde that the separation is effected 
in the same manner.* 



* We canuot avoid recogrjizing^ au auulogy bctwecu the phfinoiutuou ot the tuncation ot 
Hqiud liues uuil that ot ihc t'oruiaiiou of lainince. In ftict, in the ejcperiment in ^ 93, for 
instaucf. tlic ii'an«> Invrr l.( ;:'iiis to lie fomjcd whrn tlic tu-o opposite concave «tirtR«>»« nr* 
Almost iu coutui-t with cm h otiier at their KunniiiOi; and in tho rusolation of u cviiuciur into 

aherest the formation of the Uoes comuiences whoi all thfl meridional feetions or the figniee 
[no«t toTu-h t'ttch otl)cr by fhf sumuiits of their cnrmve jwriiors. 

Whou tiuutinff of the luyert*, wo have tousidiacd iLtii fuiumaon as indicating a kind of 
tendency towards a partlcuhir state of eqailibrinm, wliich results from the < ircuiiij'iiince thai 
in tho case of thf iliin j)art of tho liquid system tlif niiTinBry law of pressure in tnotJintd. For 
tho analofry beiwt-eu tho two orders of phenouituu to bo complete, it would, therefore, be 
neoenary that exoeevlvely delicate liqnid lines should connect thiclc miiaies, and should thus 
form witli these masses a system in cqu.Iibrio, notwithstanding: the inronipatil>ility of this 
equiiibiiuni with the ordinary law of pressuR'S. Now, wo phail show that this ctjuiiibriiim 
lilnrmlity possible, at l«;Hsi theoietinlly. Let us alway-i take us example the re-^olmson 
of otir un.stable cylinder into partial masses. When tho cylindrical liuee forui, their diameter 
is oven then vvry small in comparison with tho dimensions of the thick masfles; conse<juentlr 
tbeir curvature in the direction i»orpendicnlar to the a N is very great in <ompurison witii 
the curvatim? of tlies^e masses. The pressure corresponv..! to the lines in tlieu orig-iually 
much preater than those conrsponding; to the thick ma»se<i, whence it followi that the ii<piid 
must be driven from the interior of the lines towards these same mastics, and that the lines, 
like tho labors, ought to contiuuo diminishing. Moreover* their curvfUiuee, fwd ^.oas^ 
quently their prcsmire augment iof in jirojKirtion u they become more attennated. thur 
tendency to diminish in ihickness will po on iucreasinp. and consequently if we disiepard 
the instlibiiity of the cylindncai lomi, y> o sec that tboy must become of an exceej^iTe teumt/. 
Bat I say that the aupinentatioo of the pressure will luive a limit, beyond which thie prcstini* 
\ri!l progressively dimini>h, so that h uiaj^ become equal to that which eonespond* to tbe 
thick jmits of the liquid system. 

In fact, without huvinp recoorse to theoretical derclopmentfl, It is mdily seen that if the 
diameter of the line beettmes less than that of the sphere of the sensible activity of the mole- 
cular attraction, tlie Ihw of the inessure must become modified, auU, the diameter continiuog 
to decrease, the jiressure must nninh hy also proprcssivi ly dimicisbing, notn-ithfitandiDfr the 
increase of the curvatures, in consequrnce ot tho diminution iii ihc ntniiber of nt;r;utitip 
molocules. lieuce the prettsure may Uimiuish inUeliuitely ; for it is clear that it wooi^ 
entirely vaiUskif tbe diameter of tho line oecame radneed to the thickness of a aingle mole> 
cnlai Thoio geomotricians who atiidj the theoiy of capillaiy action know that the foimoto 
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A" wr ill , now acquainted with the entire course which the transformation 
of a, ii(^uki cjiiudcr iuto isolated spheres must take, we oaa represent it graphic 




cnlly. T\^. 30 represents the successive forms through wliicli tlio liquid figure 
passes, commeucing with the cylinder up to the system of isolated spheres and 

of this theory cmm to bo applicable in tbe«aM of very great curvatures, or those the radii 

of wliicli aic i<Mii[mia1<!e to that of nu>l*H-u!!ir attraction. "Sow. it fol'uns from what has 
Ivor Ti hfuteii, that wc inaj always eupposo the thianess of the Hue to Uo sacli that the cor- 
responding preesnro may be equal to that ezuiting in thick masses which have attained a 
stale of (MitiiUji niiii. In this i a>o, ndiuittiug that the lines aio umthemafically re<»ular, so 
that the presiiurc there may bo everywhere rigorously iho eamo, conijequeatly that they havo 
no tendency to resolve themselves into small panial masses, eqniltbritini will neeesaaiily 
exist in tho sy.steru. In this case the form of tin? tliick ma'^scs n-itl not bo uruthematically 
spherical ; fur their surface must become MllghUy raided at the junctures wiiii tho liucs by 
presenting concave cnrvatares in the meridional direction. This form will bo the same as 
that of an isolate*! m:vs.s, tniveised diaiuetric;iily l>v nn rxccHsivcly iiiintirn so'nl linf, ( J 10.) 
This system, like those into the cotupositlou of which layeis enter, is composed of surfaces 
of a dilfTercnt natnre ; but this heterogeneity of form becomes possitile horn, as in tbo casd of 
(ho l.ivc:^, in ron^cqufncr of tho change which iho law of prasaorea lUMkrgocB in pasting 
from one to uuoiher kind of surtace. 

Wo can, moreover, understand that the equilibrium in question, alth >ugh possible theo- 
retically, as wr have f^howit. can never ho realized, in consequence of the cylindrical form 
of tbe'lino.H. 'i'iiii .same does not apply to the case of the plane layers; for, as wo sliall show 
in the fbt owinr^ scries, the piano auifaces ace alwaya suruMsea of stable eqidlibriom, whatever 
may be their extent. 
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of fplMndM. Thu figure lefen to the cne ef a Tory sligbtly TiKid liquid, 
■ocb as water, alcohol, &c., and where the convex surface of the cylinder ii 

perfectly free; consequently, in accordance with ih< j>r«>balfle conclui^ion witL 
wbich § 60 terminat' ^. the proportion of Uio length of the divisione to the 
diameter has been taken as equal to 4. 

The phenomenon of the formation <^Iiae8 and their rewlntion into aphendei 
is not confined to the case of the mptore of the equilihrinm of liquid ejlioden; 
it ie always manifested when one of our liquid masses, whatever may be its 
fi^rf^, 13 divided into partial magRcs. This is the mnnner in which, for 
instance, in § 20 of the preceding memoir the minute mu^t^es which were then 
compared to satcIJites are formed.* The phenomenon under consideration ia 
also prodticed wlien liquids are submitted to the free action of gravity, although 
it is then less easily shown. For inatance, if the rounded end of a glass rod be 
dipped in other, and tlu-n withdrawn carefully in n prrprndicnlar direction, fit 
the instant at wliicli the siduI! quantity of lit] aid reniaiiiiii;^ adln-rent to ili-- n^i 
separates from the mass, an extremely minute spherult; is seen to roll upon the 
sninace of the latter. Lastly, the pbenomoion in question is of the same nature 
as that whicli occurs when vc ry vi.-cid bodies are drawn into threads, as glaa 
Boftf-ned by heat, except that in this case the great viscidity of the substance, 
and moreover the aetittn of cold, which ^^olidifll r tlio thread formed, maintains 
the cylindrical form of the latter and aliuws of its acquiring an indelinite 
length. 

63. To complete the stady of the traasfiirmation of liquid cylinden into 

Isolated spheres, it still remains for ns to discover the law according to which 
the duration of the phenomenon varies with the dinmetrr of tho ev Under, and 
to endeavor to obtain at least some indications reiati\ o t.) the absolute v.^lne 
of this duration in the case of a cylinder of a given diameter, composed oi a 
given liquid, and placed in given circumstances. 

We can understand, d priori, that when the liquid and the external ciream* 
stances aro the pnmr, and pnpposin^r the h ngth of the cylinder to be always 
such that tlir divi.-ion? .•i.'spunic fxactly tiieir normal length, (§ f)').) the dnratioD 
of the phenomenon must incresifie wiih the diameter; for the greater this is, the 
greater the mass of each of the divisions, and, on the other hand, the less the 
curvatures upon which the intensities of the configuring forces depend. It it 
true that the surface of each of the divisions increases also with the diamr ter 
of the cylindf rt conpc qnrntly it is the same with thonnmber of the elementary 
configuring Inietrf; but lliio augmentation takes plac( in a le^s proportion than 
that of the mais. This we shall proceed to show more di^tiuclly. Under the 
above conditions two cylinders, the diameters of which are different, will be* 
come divided in the same manner; i.e., the proportion cf the length of u division 
to tho dinmoter will be the ?nmc in Ijotli ])arts, (§ ;'>'>.) Now, it may be considfrc'I 
as evident that tho pimilitnde in lignve wilt be maintained in all the phases of the 
transfonuatiuiij this is, moreover, conlirmed by experiment, as we ahaii soon see. 
Hence it follows at each homologous instant of the transformationa of the two 
cylinders the respective surfaces of the divisions will always be to each othtf 
as the pquares of the diameters of these cylinder?, whilst the masses, which 
evidently remain invariable tlnou^'ljout the i ntire dunition of the phenomena, 
will always be to eacb other as the cubes of these diameters. Thus, at each 
homologous instant of the respective transfoi-mations, the extent of the 8ape^ 
ficial layer of a division, consequently the number of the configuring foreei 
wbich emanate from each of the elements of this layer, change from one figure 
to the other only in the proportion of the squares of the primitive diameten of 

• It in clear that this mode of formation is ciitirely foreign to La Place's cosmogonic hyp<^ 
tLosis; therefore we have had no idea of dtnlnciuff from this little experinwnt, whidi 
Kiera to thocfffcts of uujk'culiir atirat tim:, ai. 1 not to those of gravitation, unr argnrnfot ia 
iiver of Uto hj^poUiesia in quei^tiuo — &u h^ poihesw which, in other respects, we do not adopL 
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tTirx'r* fi^i^nre? ; whilst the nns3 of a divi:*inn, all the parts of wliich n^ssi receive, 
under the action of the forces in (|U('stion, the muveraeuta conBtituting the ^ 
transformation, changes in the prupoi tiou of the cubes of these diameters. As 
regards the intensities of the eoniiguring forces, we most remember, first, OaA 
the meaenre of that which corresponds to one elemoit of the superficial Injer 

hae (§ oU) for its expression — + W^' '^^'"^ granted, if, at au homulogoua 

inBtant in the transformations of the two tigures, we take upon one of the divi- 
sions of each of the latter any point similarly placed, it is clear from the simili- 
tude of these figures that the principal radii of cnrvature corresponding to the 
point taken npon the second will be to those corresponding to the point taken 
upon the first in the proportion of the diameters of the original cylinders, 80 
that if this proportion he n, and the radii relating to the point of the firet figure 
be R and U', thn. (■ li*'li.aging to the point of tiie second will be nil and nW ; 
wLeucc it fulluvvd iljai the mcasun; of the two couliguring forces corrcspuuding 

to these points wiU be respective!/ ^ (]^ + and ^ + ss 

(j^"*" li^)* ThuLS, iu passing from the first to the second figure, the 

intensities of the elementary configuring forces in all the phases of the trans- 
formation will be to each other in the inverse proportion of the diameters of 
the cylinders. 

I have convinced myself, by means of cylinders of mercury 1.05 millimeters 
and 2.1 millimeters in diameter, (§ 54 and 66,) that the duration of the phe- 
nomenon increases, in f ict, with the diameter : although the tmnsformation of 

these cylinders is effected very v f jiidlv, yet we have no difficulty in recognizing 

that ihe duration relatmg to the greater diameter in greater than that which 4 

refers to the least. 

64. As regards the law which governs this increase in the duration, it would 
ondottbtedlj be almost impossible to arrive at its experimental determination in 

a direct manner, i. c, hy inea.-nring the times which the accomplishment of the 
plienonienon would require in the caj»e of two cylinders of sufficient length 
to allow of their beiug respectively converted into several complete isolated 
spherules, and of their satisfying the conditions indicated at the commencement 
of the preceding section. In met I cui hardly see any method of realizing such 
cylinders without giving them very nnnute diameters, like those of our cylinders \ 
of mercury, and then tlieir duration is too short to allow of our obtaining the j 
proportion with sufficient exactness. j 

Jiut we nmy be able to arrive ut the same result, but with certain restrictions, i 
which we shail mention presentlyTby means of two short cylinders of oil fi>rmed | 
between two ditfks, (§ 4G;) there is nothing to prevent these cylinders from I 
being obtained of r'uch diameters as to render the exact measure of the durations j 
easy. In the transl'orniation of a cylinder of this kind, only a single constric- | 
tiou and a single dilatation mv produced ; but as in the transformation of cyl- j 
inders which are sufficiently long to furnish seversl complete isolated spheres, I 
the phases thron;:h which the constrictions and the dilatatiqns pass are the same 
for all, we need only consider one constriction and one dilatation. We can 
understand that the relative dimensions of the two solid pyj^temf onj^ht to be ! 
such, that the relation between the distance of the diaks and their diameters is 
the same in both parts, in order that similitude may exist between the two liquid 
figures at their origin and at each homologous instant of their transformations. 

Before giving an account of the employment of these figures of oil for the 
determination of the law of the durations, we shall take this opportunity of 
making ?eyeral important remarks. We shall only recjiiirr- t'» mnke use of the 
law in (j^uestiuu in ihal case, which in other respects is liie mjiti simple, wher^^i«->^.^ 

r 
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the cylinders are formed in vacuo or in air, aud are free from all external re^ist- 
mee, or, m other words, free upon the whole of their convex enr&ee. Now our 

short cylinders of oil arc formed in the alcoholic liquid, and it might he a^ked 
wLetlicr tliis ciicum^tance dors not exert sonic influence upon tlie ]irnporli'<u of 
the durations corresponding to a given proportion between the diauit i. is of iliese 
cylinders. At first, a greater or less portion of the alcoholic liquid must be 
&placed hj the modifications of the figures, so that the total mass to be moved 
in a transformation is composed of the ma.'as of oil and this portion of the alco- 
holic liquid; but it is clear that in virtue of the similitude of the two figures of 
oil and that of their movements, the quantities of sunoundtti'^ liquid re?-peet!ve!y 
displaced will be to each other exactly, or at least apparently, as the two ui;u-riri 
of oil; so that the relation of the two entire masses will nut be altered by this 
cuenmstonce. Hence it is very probable that this circumstance will no longer 
exert anj influenco npon the proportion of the durations, except that the abso- 
lute values of these aurations will be greater. On the other h iiid, tin mutual 
attraction of the two liquids in contac t diuiiui.-lx s the intensities of the j)re?!r:ures, 
(§ 8,) and consequently the configuring lorees ; but it is easy to sec that this 
diminution does not alter the relation of these intensities in the two figniee. 
For let ui^ iin.ij^ine that at an homologous instautof the two transformations the 
alcoholic lii[uid lj<>con:f • -nddeidy replaced by the oil, and let us conceive in 
the latter the surlaces of tiie two ii^^urcs a;* they were at that in«tant. I'li^ 
configuring forces will then be completely destroyed by the attraction of the oil 
outside these surfaces, or, in other words, the external attraction will be at each 
point equal and opposite to the internal configuring force. If wo now replace 
the alcoholic lii|nid, the intensities of tlie oxtenial attractions will change, but 
they will evidently retain the same relations to each other; wlience it f llow-* 
that those correfpondiiifr to two homoloj^our^ point:^ taken npon butli the h^ures 
will still be to each other aa the coniiguring forces commencing at these points j; 
ao that in fact the respective resultants of the external and internal actions aft 
these two same points will be to each other in the same proportion as the two 
internal forces alone. Thus the attractions exerted npon the oil by the sur- 
rounding alcoholic li(piid will certainly diminish the absolute intensities of the 
configuring forccjj, but they will not change the relations of these intensities, 
consequently they may be considered as not exerting any influence npon the 
durations. But it is clear that tins cause will nevertlieless greatly increiise the 
absolute values of the latter. For the two reasons which we have explained, 
the prefence of the alrohoUc liquid will then increase the ab«r>bite values nf the 
two durations to a considerable extent ; but we may admit that it .will not aher 
the relation of these values, so that this proportion will be the same whether the 
phenomenon take place in vtteuo or in air. We shall, therefore, consider the law 
which we deduce from our experiments upon short cylinders of oil as inde- 
pendent of the pre<!encc of the surrounding nleoliolic liquid, and this will be 
round to be supported by the nature of the law itself. 

But the exact formation of our short cylinders of oil requires (§ 40) that in 
these cjUnders the proportion betwcm the length and the diameter, or what 
comes to the same thing, between the sum of the lengths of the constriction and 
die dilatation and the diameter, exceeds but little the limit of stability. Now, 
In the transfnrniation of cylinders sufficiently lon^ to fu'nish several spheres, 
which would be formed in vacuo or in the air, and free upon their entire convex 
sniface, and the divisions of which have their normal length, the proportion of 
the sums of the lengths of one constriction and one dilatation to the diameter, 
which proportion is the same as that of the length of one division to the diam- 
eter, would vary with the nature of the liquid, {§ 59.) and we are i^rnnmnt 
whether the law of the durations is independent of the value of this juoporiiou. 
The law which wo shall obtain in regard tb short cylinders of oil can only there- 
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^Mre be legitimately applied to cylinders of sufficient length to (nrnish several 
spheres supposed to be in the above conditions/in the caee where these latter 
cylinders are formetl of Buch a liquid that they would <;ive for the proportion in 

qnention a value Imt Iijl'<' prcater than that of the limit of stability. 

Now i!ii-j i?' tlif c.i-c <.f nitn ury, (§ 60.) and it i:* also very probable that of 
ail other very nlighily vif»eid liiiuid^, (§ GO.) Thua the law given by the bhort 
cyltodcrs of oil will be exactly or apparently that which womd apply to cylin- 
ders of mercury of sufficient length to famit>h several ^phoreB, supposing tha 
latter to be produced in vacuo or in air, free at the whole of their convex surfacOt 
and of 6uch Icii-i^tli that the divisions in each of tlir-ni would assume tln^rnormal 
lenf^th. 3Ioieover, the aauic law w..uld in- uu(l<-n!.t, «||y applicable to cylindei-g 
formed of any other very slightly viacid lii^uid, and auppobcd to be iu the same 
conditions as the preceding. . 

The Uw may po.<:^ibly be completely general, i. e., it may apply to cylinder! 
formed, always under the name circumstancet*, of any li(|uid whatever; but our 
experiment;* do not fiirni?^h u-* with the elements necessary to decide this ques- 
tion. La^stly, the transformation of our short cylinders pre.-*entf« a ]it ( uii ii ity 
which entails another restriction. The two fmul ma^jses into w hit h a cylinder 
of this kind resolves itself being unequal, the smallest acquires its form of 
equilibrium considerably .before the other, so that the duration of the phenom- 
enon ia not the same. Hence we can only detennine its duration up to the 
moment of the rupture of the Hne; conseijuenfly the prppMrti. a uhich we thus 
obtain for both cylinders will only be that of the durations ut two homologous 

Sortious of the entire transformations. Moreover, the proportion of these partial 
urations is exactly that of which we shall have hereafter to make use. 
65. i made the experiments in queBtion by employing two syetcms of dii<ka, 
the rf '.■^pf'fn'\ (• diiiK Dsions of which were to each otlif r as <»ne to two; in tlio 
former, the diameter of the disks was 15 millimeters, and they wore 54 milli- 
meters Jl|>art; and in the second their diameter was 3U millimeters, and their 
distaiico apart 108 millimeters. The cylinders formed respectively iu these two 
sysfems were therefore alike, and, as I have previously stated, 63.) these 
two figures e\:;ct]y maintained their similarity, as far as tbe eye was capable of 
}u<]j:iiiir. 'ii all tlic jiliases of their transfonnntions. It sometimes hapju-nr-d that 
the < \ liii(l< 1-, w lu'ii apparently well Inrmcd. was not nt all ])f>r:'i><tent and inimo- 
diateiy began to alter; this circumstance being attributable some slight 
remainiog irregularity in the figure, I immediately re-established the cylindrical 
form,* and the time was only taken into account when the figure appeared to 
maint i:n tlii.' form for a few moments. Another anomaly then sometimes pre- 
setitcd n -( n. w ha ll consisted in the simnltnnooup formation of two constrictions 
wiih aa iutii media ti' dihitiilion ; this mndilication ( ( asfMl when it had attained 
a very slightly marked degree, and the figure appeared to ivmain in the same 
State for a considerable period ;t then one of the constrictions became gradually 
more marked, whilst the other disapp^urod, and the transformation afterwards 
went on in the usual manner. As this peculiarity constituted an exception to 
the regular course of the phenomenon, i ceased to reckon as -non a« it showed 
itself, and I tx^nhi r( -< ;,tablished the cylindrical form, 'i hv 'iTnation of ths 
time was only deiiniiively continued iu those cases In which, aiier some per- 
sistence in the cylindrical form, a single constriction only was produced. 

1 repeated the experiment upon each of the two cvlinders twenty times, in 
order to obtain a mean result As soon as one transfonnatiott was completed. 



•Seo the hccoh'I note to narugraph 40. 

t We sboU Bee, in iha lollowiug series, to what this singular modification iu the figors is 
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I reunitpfl tlic two moBscs to whicb it had given rise, and again formed the 
cylinder,* iu order to proceed to a new measure of the time. 

The number of seconds arc given helow ; each expressea the time which 
elapsed from the momcal of the; transformation of the cylinder to that of the 
niptnrr o{' the line. These periods weie determined by means of a watch* which 
beat the Jths of a second. 



CTHiidcr ^ Cylinder 



15 tniilimit ID ditttuetor. 








/I 


ii 




25.0 


36.4 


69.6 


51.6 


26.6 


• 32.0 


73.0 


68.0 


28.0 


30.4 


57.0 


73.6 


30.0 


24.6 


61.0 


61.8 


24.8 


32.6 


67.8 


63.0 




33.8 


60.0 


58.0 


27.0 


33.8 


63.6 


63.8 


30.0 


20.8 


64.2 


60.0 


30i4 


28.6 


61.0 


62.6 


29.8 


32.6 


62.6 


56.2 











Uean 29".59. Mean 60".38. 



It is evident that the numbers relating to the same diameter do not diffe 
Builicienlly from each other to prevent our regarding the proportion <rf the two 
means as closely approximating to the true proportion of the durations. Now the 

Proportion of the^e two means is 2.04, i. e., almost exactly equal to that of the two 
iaraetrrn. ^fhroover, it if« evident that in the case of each of the latter the 
greatest nf thi- numbers obtained luuat corres^pond to that case where the cylinder 
ia formt;d in llie most perfect manner; consequently it is probable tba#lhe pro- 
portion of these two gieatest numbers also closely approximates to the true 
proportion of the durations. Now, these two numbers are, on the one band 
36.4, and on the other 73.6, and their proportion is 2.02, which number diffen 
ftill les.s from 2. or from the jtroportion of the dianu'ters. 

Wo may, therefore, admit that the dm'ations relating to these two cylinders 
are to each otiier as their diameters ; whenee we deduce this law, that the pai*- 
tial duration of the transformation of a cylinder of the same kind is in proportion 
to it.^ diameter. 

1 have i^.Tid (§ 01) tliat ilie l.iw thus obtained would of it.arlf fuyiish anew 
motive for believinj^ that it would not cliang-e if our .-hurt cylindrr.s of oil were 
produced in vacuo or in air. In fact the proportionality to the dianieter i? the 
simple.it jioesiblc law ; and, on the other hand, the circumstances under which 
the ]ili< iiumenon is produced are lens simple in the cose of the presence of the 
akolioliL- li(|uid th.iu they would be in that of its absence; ron:-<(ju(T»tly. if the 
law cLaii^'rd from the first to the second, it would follow that a ^impliticntion 
in the circumstances would, on tho coQti'orj, induce a complication of tho iayri 
which is not very probable. 



• TLis was cfficttHl hj fonductinj^ tho lar{»e nia.s.s towards tho sinall one, by means of the 
ring iif wliicb I spoke iu ihu iiriit uote tv paragraph 40. Hut care uim% be taken to prweBt 
the rinjr, on si'j>aiutiii«; from the iiqaid figuio, from carryiuj; away with it any ptnceptiblt 
qtiaTitity of oil; for this jMiqwsc, iustrad of innKiuf,' tin- rutiip liii;,' ailln if (n tijr grout lua^s, 
1 lelt a somll poniou ot ibv latter free, and, as \i» action waa tLtu ia»ufiicieut to make the 
largo mass reach the other, I aided it by gently pushing the oil with the extiemity uf tiM 
point of the .svringe. On with'U'iw !ii;r tln' 'in;,' ato r il.c n-tiiiion cf tlic Uvu iii;>?v.. v, i.u]y a 
very small hphriule of oil scpruuud liom it in iJio alcoLuIic liquid, which iu the next expeii* 
mcnt I again united to'tlic rest uf the oil by uieans of the ring itsslfy SS slso the iM^gottf 
Um spberaLes uiaing from the tiaosfonnation of the line. 
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We majt iharefore, I think* legitimately genendise tbe above law in acoord< 
ancc with the whole of the lemarks made in the pieeeding eection, and deduce 
ftbe following condosiona : 

1. If wo of>nr»Mvo n eyliiuL r of mcrcTiry formed in ranw or in air, of suflii i(>nt 
lengtli Id iuini.-h several sjilierc?, its convex surface Itt in<^ f jjtin ly iVt e, and ita 
luDgtb such that tlic diTisions ar^^^umo exactly tlieir iioimui ieitglb, the time 
which will elapee from the origin of the tmnsformation to the instant of the 
rupture of the lines will he exactly or apparently proportional to the diameter 
of this cylinder. 

2. Tln' fame ven' proh.iblj applies to a cylinder formfcl of any other vory 
slightly viscid liquid, ad water, alcohol, &c., and supposed to cxi^it uuder tho 
same circuiudtaQces. 

3. It is possible that this law is completely general, i e.« applicable to a cyl- 
hider formed, always under the same circumstances, of any kind of liquid what> 
ever ; but our experiments leave us in doubt on this point. 

G6. Lot ti!^ now enter upon the consideration of the absolute vabie of the timo 
in qu< -lion lor a ^^iveii diameter, the cylinder always being supposed to be pro- 
duced in vacuo or iu uir, of sufficient lengtli to furnish several spheres, its eutire 
convex surface free, and its length such that its divisions assume their normal 
length. It is eli ar tliai tliis absolute value must vary according to the nature 
of the liquid ; for it evidently depends upon the density of the latter, upon the 
intensity of its configuring fore and, lastly, upon its vi.^cidity. The experi* 
ineuts which we have detailed give with regard to oil a very remote superior 
limit; this results, first, from the two causes which we have mentioned in § 64, 
and which are due to the presence of the alcoholic liquid ; but with these two 
causes is connected a tliinf, which we must make known. If we inla ^iue a cyl- 
inder of oil formed nutlrr tlie above conditions, the ?um of tlie Iinirths of a 
coii<!riitinn and a flilatation will noces-sarily be mneli ^Mcatcr in icpj.ird to tliia 
cvHiult 1 than in regard to one ui" our bliort cylinders of oil of the same di nneter; 
for iu the former this sum is equivalent to the length of a division ; and iu con- 
sequence of the great viscidity of the oil, this latter quantity must greatly 
exceed the len;:;!^ orn sponding to the limit of stability. Now, it may he laid 
down as a principle, that, all other tliin;:.- equal, an increase in the sum 

of th(! lengths of a constriction and a dilatation tends to render the transformation 
more rapid, and consequently to abbn^viate the totiil and partial durations of 
the phenomenon. In i'act, for a gi\ en diameter, the more Uie sum in question 
differs from the length corresponding to the limit of stability, the more the forces 
which produce the transformation nin?t act with energy ; moreover, as tiio trans- 
formation ceaf'es to take place Imniedi iti ly above tlic limit of j^fability, tho 
duration < f the ph*'nomenon m.iy tlien be eon.>i(l« n d as iutinite, win nee it fol- 
lows that when this limit is exceeded, the duration passes from an inhuite to 
finite value, consequently it must decrease rapidly as it deviates from this limit; 
laaUyi this is also confirmed by the results of observation, as we shall slow 
hereaflter. Thus, even if it were possible to form in vacuo or in air one of our 
very short cylinders of oil, consequently to eliminate the two causes of retarda- 
tion due to the presence of the alc<'li'»lie li(iui(l, tlie duration relative to the 
cylinder woidd .still exceed that which would relate to a cylmdcr of oil of tho 
same diameter 'formed under the conditions we have supposed. 

I have said that the principle above established is confirmed by experiment, 
t. e,y for the same diumetei> the same liquid, and the same external actions, if 
any exist ; when, from any cause, the sum of the b np^ths of a eonptriction and a 
dilatation augments, the fot??l and ]>avtial durations of the transformation become 
less. We shall proceed to make this evideut. In the experiments of the pre- 
ceding section, toe partial duration relating to the cylinder, the diameter of 
which was 15 millimeters, was, for instance, about 30 seconds, the mean, as shown 
hj the table. Consequently, if we were to form in the alcoholic liqtiid a similar 
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cylindor of oil, the cliamrt( r of wliicli is 4 inilUnvtrr.s tL»' partial duration of 
tbisi, in viitue of tlio law wiiicli wc Lave fuuud, would be ucailjr e^uul to 
30'' -f- 4 

— 8". Now, ia the nearly cyliDdrical figaro of oil of § 47, Wliich 

figiiro is also fonned in the aleoliolic liquid, the mean diaraetcrwa^ (§ 5G) about 
4 millimeters. In this and the pTccc€lin<; (\^^\uc, the diameter, the liquid, and 

tlu' external actions then are tlie ti.imc ; but in the former, tlie sum of ihe leng^th^j 
of tlip con^triciirm and the dilntafion would only be t^fjiial to 4 millimeter?, 
-f 3.G — 11. 4 miiliuietcrs, u hii,«l iu ihe second, this sum, which is e(iuivalcut to 
the len;;th of a divi^jion, was (§ oG) approximatively 66.7 millimetere. Now, on 
observing this latter figure, we recognize easily that the duration of its trans- 
formation is much less than 8''. In truth, from the nature of the experiment, 
it \a impo^'siMe w idi regard to tliis f^ame fi;:^ure to fix npoti the rommeneomcnt 
of the i'i)nii;iiiiin i»i'a ^iven constrict iuii or dil it umn, so that tht; cumplete dura- 
tion should consiiderably exceed that which would be deduced by the simple 
inspection of the phenomenon* but the latter does not amount to one second, 
and there cannot be any doubt that it would bo going too far to extend the 
complete duration, and a fortiori, the portion which terminates at the rupture < 
pf the lines, to two Hrcorif!>:. 'I'hn^ in the ca^e wo have just con^ifh^ed, the mm 
of the length of a constriction and a dilatation becoming about four and a half I 
times greater, the partial duration becomes at least four times less. j 
67. But if, in reckoning the absolute duration in the case of one of our short ! 
cylinders of oil, wc only obtain with regard to this liquid one ujiper limit, and 
tfiif mi'.cli t')o liigli, fhf evlii.diM" of Tn( icnrv in § 5i> (which cylinder is f >niied 
iu the air, and the kngtli of which in proportion to the diameter is suffici* iit for 
the divisions to have assumed exactly, or very nearly, their normal length) will 
ftirnish us, on the contrary, in regard to this latter liquid, with a limit which SI 
probably more approximative and which will be very useful to US. 

F:r;-t, in the ca:?c of this cylinder, the diameter of which, wt^ v.-n hnre said, 
was 2.1 iiiilUmeters, the trnn»2fo!Tn.ition does not take place in a sullii-icntl y short j 
time for us to i oiimatc with any exactitude the total duraii<m of the phenomenon; | 
I.say the total duration, because in so rapid a transformation it would be voy 
difficult to determine the instant at which the rupture of the lines occurs. To 
approximate as closely as possible to the value of this total duration, I have had 
recotirse to the following process. 

liy successive trials, 1 regulated ilie Ix mi.- of a luctronome in such a manner, . 
that on rapidly raising, at the exact ia.-^taut at which a beat occurs, iho system I 
of glass strips belonging to the apparatus serving to form the cylinder, (§ dO and 
61,) the succeeding beat appeared to me to coincide with the terminatiou of the 
transformation ; tlieii having satisfied tnys< If several tiuK s that this coincidi nre 
appeared very exact, 1 determined the dur iiiun of the interval between two 
beats, by counting the oscillations made bv' the iustriuueut during two minutes, 
and dividing this time by the number of oscillations. I thus found the value 
0".39 for the interval in question. Tlie total duration of the transformation of 
our cylinder of mercmy may therefore be valued approximatively at 0".a9,or 
more simply, at 0''.4. i 

But the entire convex surface of this cylinder is not free, and il^ contact with 
the plate of glass must exert an influence upon its duration, both directly s» 
well as by the increase which it produces in the length of the divisions. Let 
us examine the influence in question under this douWe point of view. 

Tlir* direct arti-oi (if llif contrtct with ihe jd.ife i.^ tmdoulitc dly very 9li«;ht ; for 
ns soon as the trans-lnriuation cuuHnences, tie- li(]iiid mu.st deineli it^^elf from the 
glass at all the interA^Us between the dilated parts, so as only to tuncli the solid 
plane by a scries of very miuntc surfaces belonging to these dilated parts; 
conser|uently, if the direct action of the contact of the plate were alone eliminated. 
«. 9^ if we could manage •so that the entire convex snr&ce of the cylinder should 

I 
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be free, but tliat the divisions formed in it t^liould acquire tlio somo length as 
before, the total doratioa would scarcely be at all diminiBlied. 

There still remains the cffeet of the elongation of the divisions. The length 
of the divisions of our cylinder is equal to G.35 times the diameter, (§ 56.) 

whilfit, according to the hypothrj^is of ilic complete freedom of thf» cojjvox sur- 
face, this length would very probably he lc»3 than four times tli'' diaiuctcr, 
(§ 60.) Now, in virtue of the principle ustubiished in the preceding section, this 
mcreaae in the Icn^h of the dtTisioDS neceasarilj entails a diminution in the 
daration, which diminution i^ more considerable in proportion as it occurs in 
the vicinity of the limit of stability ; conseqnently, if it could be managed so tbat 
the rlnn<; jtion in question sliould not exist, the total duration woultl be very 
^ conjjiderably increased. Thu.s the suppression of the direct action of t]\r con- 
tact of the plate would only produce u very slight diminution of the total dui uiiun ; 
and the annihilation of the elongation of the divisions would produce, on the 
other hand, a verj considerable increase in this same duration. If, then, tbeee 
two influences were siraultaneously elimi:i;iti d, or, in other word:*, if the entire 
convf'x *4urfuce of our cylitidcr were free, the total duration of our transformation 
would be very considerably greater than the direct result of observation. 

Now, the quantity which we have to coutsider is the partial, and not the total 
duration ; but, under the same circumstances, the first must be J>ut little less 
than the second; for when the lines are about to bittak, the masses between 
which they extend even then approximate to the spherical form; consequently, 
in accordance with the conclitsifni obt;nued above, \\f must admit tliat the 
partial duration under our present cun^ideration, t. c, tli it referring to the case 
of the compleU' freedom of the convex surface of the cylindei", would still exceed 
considerably the total duration observed, t. 0".4. 

In starting from this value 0".4 as constituting the lower limit corresponding 
to .1 diameter of 2.1 millimeters, the law of the proportionality of the partial 
duration to the diam^^ tf r will immediately give the lower limit rorrrsponrlin;; to 
any other diameter; we shall lind, e.g., that for 6 millimeters this limit would be 
0".4 + 10 

— , , = or more simply 2". 

If, then, we imagine a c}dindcr of mercury a centimeter in diameter, formed 
t» vacuo or in air, of sufficient length to furnish several spheres, entirely free at 
its convex surface, and of such a length that its divisions a.ssume their normal 
length, the time which will <'lnpse from thf oriii;in of the transformation of this 
cylinder to the mstant of the rupture of the lines will considerably exceed two 
seconds. 

68. It will not be .superfluous to pi < sent here a returns of the facts and laws 
wbicb the experiments u c; have described have led us to establish with respect 

to unstalib' ll(|iii(l cylinders. 

1. hen a lii|ui(l cylinder is formed between two solid bases, if llie proportion 
of its length to its diameter exceeds a certain limit, the exact value (^t" which is 
comprised between 3 and 3.6, the cylinder constitutes an unstable figure of 
equilibrium. 

Tbe exact value in question is that whicb we denominate the limit of atability 

of the cylinders. * 

2. If the length of the cylinder is considerable in |>ro])orti()n to it? diameter, 

it becomes spontaneously converted, by the rupture ot equilibrium, into a series ^ • 
of isolated spheres, of e^ual diameter, e<|ually distant, having their centres 
upon the right Hue forming the axis of the cylinder, and in the intervals of 
wnicb, in the direction of this axis, spherules of different diameter.^ are ])laccd ; 
except that each of tbe solid bases retains 8 portion of a sphere adherent to its 
surface. 

3. The course of the phenomenon is as follows : The cylinder at first gradually 
swells at those portions of its length whicb arc situated at equal distances from 
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each other, whilst it becomes thinner at tin; intermediate portions-, <in«! fli" length 
of the flilatntiouH thu:^ formed is equal, or nearly so, to that of the con>trictions; 
these modiHcalious become gradually more marked, euBuing with accelerated 
rapidity, until the middle of the constrictioiu} has become very thin; then, coin* 
mencingat the middle, the liquid rapidly retires in both directions, still, howerer; 
leaving the moBfloft united two and two hy m apparently cylindrical line ; the 
latter then oxperionces the same moflilications as the cylinder, except that there 
are in general only two con^trictioas formed, which canscqueutly iiiclade a 
dilatation betvvceu them; each of these little coustriciions becomes in its turn 
converted into a thinner line, which breaks at two points and gives rise to a 
very minute isolated spherule, whilst the above dilatation becomes transformed 
into a larger spherule; lastly, after the rupture of the latter lines, thv I.ir^'e * 
ma!*?f'P fissume completoh' the spherical i'oim. All thfi«c phenomena occur 
Bymmetrically as regards the axi:^, so that, throughout their duration, the l^ore 
is always a fignre of revolution. 

4. Wc denominate divisions of a liquid cylindw, tboso portions of the cylinder, 
each of which must furni.-li a .sphere, whether we conceive these portions to exist 
in the eylindor itself, bctere tli< y h;ivc bnf::;an to be apparent, or whether we take 
theui during the transformation, i. e., whilst each of them becoming mudiiied. 
80 OS to arriv^ at the spherical form. The length of a division consequently 
measures the constant distance which, dtudng the transformation, is indnded 
betweeh the necks of two ^jucent constrictions. 

^loreover, by normal length of the divisions, wc denorainnto that which the 
di vicious would assume, if the length of the cylinder to which they belong were 
iulnniu. 

In the ease of a cylmder which is limited by solid bases, the dtvlsioiifl also 
assume the nminai length when the length of the cylinder is equal to the pro- 
duct of I his normal length by a whole number, or rather a whole number and a 
half. Tlieii, it' the .cecoiid factor is a whole number, the transformation becomes 
disposed in such a manner that during its accomplishment the figure terminates 
on one side with a constrictiou, and on the other with a dilatation ; if the second 
&ctor is composed of a whole number and a half, the figure terminates on each 
side in a dilatation* When the length of the cylinder fulfils neither of these 
conditions, llic divisioii<» as«nmo that length wliieh approximnte.s tlie most olosoly 
possible lo tiiii juiiiual h ii:;ih, and the traiisloi ni.Uinn adoptj^ that of the two 
above dispositions wliich most suitable for the attainment of this end. 

5* In the case of a cylinder of a given diameter, the normal length of the 
divisions varies \vith the nature of the liquid, and with certain external circum* 
Bt-ance?, such as the pre-jcnco of a eurronndin;,' hqnid, or tlic contact of the 
con\ ( X surf ic*^ of the cylinder with a solid j^lane. In all the nub-jequent state- 
menis we niiail take the simplest case, ». c, that of the absence of external 
circumstances ; in other words, we shall idways suppose that the cylinders sie 
produced i» cacuo or in air, and that they are free as regards their entire convex 
surface. 

6. Two rylitulers of different diamr'ter,-. l»iit formed in the same liquid, and 
the lengths of which are such that the divisi.»n:< as^sume in each of them their 
l^ormal length, become subdivided in the bumc manner, i. e., the rcspectirs 
normal lengths of the divisions are to eaeh otHIr as the diameters of these cyl* 
inders. In other words, when the nature of the liquid does not change, the 

* normal length of the divisions of a cylinder is proportional to the diameter of 
the latter. 

The same consequently applies to the diameter of the isolated spheres into 
which the normal divisions Mcome converted^ and to the length of the Intenrils 
which separate these spheres. 

7. The proportion of the noi-nial length of the divisions to the diameter of tiM 
oylindcr always exceeds the limit of stability. 
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8. This pFoportion is greater aB the liquid is more Titcid and aa the oonfif^ 

nriug forces in it are weak or. 

0. Ill the cmo of a c vlind* r of mercnij, tliifl proportion is much less than 6i 
aud wt; may adoiii that it iii than 4. 

In the case of a cylinder composed of any other very slightly vi?cid liquid, 
aaeh as water, alcohol, dec it is very probable tbat the proportion in (question 
iB very nearly 4. Hence, in the case of the latter liquids, we have for the 
prolj iMo npproximritivp v.ilno of tlic proportion of the diamptor of tin- isrilatcd 
Bpherc'S resulting from tlir truut^formatioii and the diamrtcr of lln' ( ^ liiKl'-r, the 
number I.S2 ; aud for that of the proportion of the distance of two adjacent 
apfaerea to this same diameter, the number 2.18. 

10. If mercury is the liquid, and the diirisions hare their normal hmgth, the 
time which elapses between the origin of the transformation and the instant of 
tbo rupture of the lines, is exactly or apparently proportional to the diameter 
of the cylinder. 

This law very probably applies also to each of the other very slightly viscid 
liquids. 

This same lawmaj possibly be general, i. e., it may be applicable to all 
liquids; but onr exprriment? Irnvf tlils jmiiit niictMtain. 

11. For tbe same diameter, and when the divisi'm:^ are always of their normal 
length, the absolute value of the time in question varies with the nature of the 
liquid. 

12. In the case of mercury, and with a diameter of a centimeter, this absolute 
value is considi nildj more than two seconds. 

13. Wlivu a cylinder is formed bftweoii two s»olid biises sufticiently npprnx- 
imated for the proportion of the normal length of the cylinder to the diameter 
to be comprised between once and once and a half the limit of stability, the 
transformation gives only a single constriction and a single dilatation ; we then 
obtain for the final result only two portions of a sphere which are unequal in 
\-(diHnn and currature, respectively adherent to solid bases, besides interposed 
spherules. 

(TO BE OONTINIJSO IK THE NEXT BBPOBT.) 
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COMPILED FOR THE nSimmOK PRniCIPAU.y PSOM THE **AU8 DER XATUS. 



TiiF.Ri' nrn two gr<;at forces of nature everywhere preaetit ahd at every 
muuieat i.x< j tiii^ their influouce, namely, gravitation and magrneti-im. They 
are biuiiUr in uiauy particulars, all pervading and perhaps e(|unily powerful. 
The magnetic |iheiioiiieiia of the eartb» bowover, do not manifest tbeoDeWes aB 
freely to the senses as those of gravitation, .md tlie naturalist is obliged to em> 
ploy refined, and, in Forae cases, complicated apparatus to Htudy tlie laws of its 
opi'ratio!>. In thi- article we purpose to present to our reath-rs a sketeh of the 
ear!i< r <li>cuvuries reliiiivc to magnetism, and in doing so we shall alio brieliy 
e^pluiu liie general principles of the Bcieuce. 

Tbcre is found in different parts of tbe eartb a mineral of a dark color* 
principally composed of iron and oxygen, which hiis long been an object of in- 
terest to the ignorant as well as the 1- .u tied, principally on account of the attrac- 
tion which it exhibits for iron, Ji'ul the Avoiiflerfnl property whieh it inip irt?! to 
Hteel needles of pointing toward the poles ot the earth. Its eumpusition may 
bo expressed chemically bv the formal® Fc O + Fe^ Oa, being a compoond 
of tbe lint and second oxide of iron. ^ It b called loadstone, and occurs most 
generally in primary mountains of gneiss; cbloiite slat^ in primittTc lime- 
atone, nud B(»metinKs in cf>n?5l(l< liJilr nirisses in terpentine, and in trap. It is 
found in great «ju;intily and jnuiiy at Kosslay, in Swi drn, in Corsica, on the 
island of Elba, in Norway, Liberia, Saxony, liohemiu, and iu the ll irtz moua* 
tuins. A 'hill in Swedish Lapland, and Motmt ]^macha&cbet in Chili, are smd 
to consist almost entirely of magnetic ore. Extensive beds of magnetic iron ore 
are found in various places in the United States, and in Home of these occur 
masses of tli" Tni:ir'ral possessing polarity: snch ns tlior-e at M.it-hrtirs island, 
il iine, at M i-u" Cove, Arkansas, at (ioshen, Chester county, I'cuusylvaDilw 
and Frauklin, New Jersey. 

It has been asserted that this mineral is not magnetic in its natural condition 
in the mine, but that the pieces only exhibit this property after having l>een 
exposed to tbe light ; but this itement has not been verified, and is apparently 
at v;iri rnee with well-established fiicts. 

'['{:■■ ( liii u-» i>f this mineral are usually so hard that they produce fire wli' n 
Struck wi.h .-let l, and it is this circumstance which render.-* iliem so diificuh to 
be worked into proper form for exhibiting in the best manner the magnetic 
property, 

'l i e ; nne magnet, by which the mineral is known to us, is said to be derived 
from M.ignesia, a city in A«*ia Minor, where it was first foun<l. The lioraan 
poet Lucretius bear^ u .sLuiony to this in a passage of his celebrated p^rjii <»u 
the nature of tilings, iu which he states that the Greeks called this siouc mag- 
net bccuusB it was found in the country of the Ma^esians. 

This statement is much mon*. probabie than :le u count given by Pliny, who 
derives the n.inic of magnet from Magnes, a herdsman, who, in guarding his 
liocken Mdunt Ida, fonnt! Iiinv>*eit suddenly hohl fast to a nri'^netic rOck by iLe 
iron iiJiil- ill his shoes and liie iron point of ids stall. lUn whatever may be 
the uv - a of jhe names by which the magnet has been d* -tprnated in d.ilercDt 
laoguaged, it is a xemarkablo fact that they show distincily lUe idea that pre- 
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« 

Tilled In every part of the world respcetiiig the phenomenon of its attraction 
of iron. In those coses where the roots of the languages have no analogy 
whatever, the ideas expressed by the tenn^ aro often identical. In some, in- 
drrd. the attraction itself \^ alone oxprefsned ; but in the majority of case?; the 
mt'fii e of attntction is embodied w ith it — a supposed affoctto!! for tiie iron — a 
love for it it* < x pressed. It \& thcsaio«? in the European an«l Asiaiie languages; 
and as the magnet is found in all, or nearly all, the conntries of the Old World, 
we can only soppone that it arose in most cases hi every language independently 
of any other. Nor is this peculiarity wholly confined to the names amongst 
nations of tlio mn^t poetic temperament, since even the Chinese hnvn thr same 
idea in llieir Thm-dni (ilio common name) or lovesffme. Wliai may appear 
most surprising is, that tlie name of the magnet seldom occurs in the older 
poetry of any country; hat probahly this arose from the nopoetic sabject, 
namely, that t)f iron, with which it waa eonplcd. In the poetry of later times, 
however, allusion to the magnet often occurs, and in several beautiful passages 
of otjr own it would he en^^y to point it niit. both in expre««ifi!» love and con- 
stancy — the former by its attractive, and the latter by its direct power. No 
phrase, indeed, is more familiar than to call the object of afi'cction *' the magnet." 

From all the records which refer to the subject, we must conclude that the 
aneients had at an early period a knowledge of some of the more obvious 
plR'nomena of miign('ti>m, and that they po-sc-.-'ed m;i'^?iets of consider, il)Ic lift- 
ing power. They appear also to have been accjuainted with the means of in- 
creaj*ing the attractive power of the loadstone by the application to its poles of 
what is called an armature, that is, by applying. pieces of soft iron to the parts 
of the stone which exhibited the greatest attraction, and which, as we shall nere- 
after see, are called its poles^. Thus, Claudenus, in his work entitled Magnes, 
states tint the w(iMrl( iful ^'tone gains power by contact with iron, and loses it 
again by tin- .<r purMtion of liiis metal. 

The same author describes a performance in a temple in which a statue of 
Venus, cut from a magnet, liftea an iron statue of Mars into the air. lrncian» 
in his work on the Syrian goddess, mentions a similar performance, in which a 
Btatncof Apollo was lifted before his eyes by the priests without being touched, 
and remainerj srHpendi-d in tho nJr. Pliny also relates that Dinocr?<tes. an 
arcliitcct of l'ioI( my I'iiilad" Iplms, commenced to build a tempi e at Alex uidria, 
in honor of Arsiuoe, sister of llie King, of which the vault was to be buili of 
magnets, so that an iron statue of the former might be suspended in the air. 
This temple, however, was not finished because both Ptolemy and his archi- 
tect died before it could be completed. 

Arcordinpr to Cedrenus and Augustine, n pirnilar performance was actually 
exli:i)it< (1 ill ;\ t«'mple of anticjuity. The tormer asserts that the statue of an 
ancient god was held suspended by magnetic power in the scrapium at 
Alexandria, and the latter, without mentioning any particular temple, states * 
that the suspension was such as to canse the people to believe that the Btatuo 
Was soaring in the air. Matheolus, a commentator of Galenus, relates a similar 
Story of the coHin ot iMahomct, which is said to soar in the air in a sanctuary 
built of magnetic stones. 

These siatcmcnis, though probably founded on a limited knowledge of mag- 
netic phenomena, are now known to be fabulous, since, after a full investigation 
of the subject, wc arc certain that it is impossible to snttpend in mid air, without 
contact, a piece of iron by means of magnetism. Tiie magnetic power diminishes 
very rapidly with the distance from th<' poles, and. in ordf-r that th<- iron fluiuld 
be suspi nde<l, it must Ije placed at the exact point in hpace at which the at- 
traction of the magnet upwards would be equal to the force of gravity down- 
wards; but if it could bo placed in this position, it would not retain it for a 
moment, since the slightest jar or the least breath of air would disturb the 
equilibrium, and the iron would immediately fall to the floor, or*spriu^ up into 
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contact witli tbe polep of tho mn^ir^t. Somo plausibility wn?, hovroror, pp-^^ 
to these ntorie?', ])(>caus(' magucu have been obtaiued ^vliich could suaUiin a 
heavy wcijjht of iron whca the latter was in contact with ihc poles of the latter 
Thva, Wolf menUonB examples of natural magnets which conld support, hw 
means of an armature, from sixteen to iorty tun<'i^, and even three hnndred aan 
twenty times their own weight. Dufay had in hl^ posj'CRsion a magnet of ui-^^ 
poutKl!J in weight, which could hold seventy-.^ix pounds. As a gcnernl rule 
smaller magnets can support comparatively more than larger ones. Such, for 
example, aa wdgh from twenty to thirty grams will sometimes sapport tifty 
times their weight* whilst ma^ets weighing two pounds scarcely ever euBtAin 
ten times their own weight. According to Dr. Martin, Sir Isaac Newton had 
a magnet which was set in a fin!]:r"r-ving, and whicli. though only of three 
grains in weight, could hold seven hundred and forty-«i.\ grains. In ili*' pliil<v 
aophical cabinet of the university at Dorpat there is a magnet weighing forty 
pounds, including the armature and a copper case, which is able to snstsiB 
eighty-seven pounds. A still larger one h found in Tyler's rausenm, which 
weighs lliite hnndred and soven pounds, the armature inclu.-»ivf, and bold5 
more than two hundred and thirty pounds. Not less conpidn;il>lo was the 
magnet which John I, King of Tortugid, received as a present from the Cm- 
peror of Chinay which weighed a little over thirty-eight pounds, and was able 
to Sttpport'two hundred and two pounds. 

But to return to the direct continuation of our history, we should state that a 
tradition of a very ancient date still exists in China recpfrtinp; a mountain of 
magnetic ore risiiug in the midst of the sea, the intensity of Httractiou ul" which 
is so great as to draw the naUs and iron bolts with which the plankc* of a ship 
are fastened together from their places with such force aa to cause the vessel to 
&U to pieces. This tradition is not confined to China, but is very geneiai 
throughout all Asia ; and the Chinese liistoriana assign to the mountain a spe- 
cific place which' they call TcJtang-hm, the 8onthr»m sen, between Tan^p/m and 
Cochin-China. Piolemy, also, iu a remarkable passage in his geography, 
places this mountain in tiie Chinese seas. In a work attributed to St. Ambroee 
tiicre is an account of one of the islands of the Persian Gulf, called Ifammoles. 
in wlii li t] " niniii^nrt is found, and the precautions nrce^i^ary to be taken in 
building ^hips without iron to navit^ito in that vicinity is distinctly specified. 
In two piissages of the work of the Arabian geograplier, Ghertf-EdrUi, and in a , 
remarkable .one in the apocryphal Arabian translation of the ** Treatise on 
Stones/' attributed to Aristotle, the existence of this mountain is again specifi- 
cally stated. A refercuce to it also occurs in Vincent de Beauvais, a BVench 
writer, who had been in the holy wars ; and, after his time, in the works of a 
grsat number of European writers. 

A circumstance remarkable enough is, that the Chinese writers plac43 thii 
magnetic mountain in precisely the same geographical region in wnich it fi 
stated to exist by tlio author of the voyages of Sinbad the SaUor. This ha< 
been justly looked upon as a confirmation of an opinion -to the oriental 
oric^in of a great nnnilH r ol' the tales, half fiction, half fiict, which are so univer- 
sally diffused amung the legendary literature of every country as to appear 
indigenous in each of them. We would not, however, go to the extent of saying 
that all our nursery fictions are derived from the east, though it cannot be 
denied th.it a great number of them are of oriental origin. 

It is not surprising that the magnet which exhibited such extraordinary 
physical effects should have attributed to it wonderful moral and medicinal 
powers. Accordingly we find the belief entertained that it could enable its 
possessor to gain the confidence of princes, the affection of women, and to 
secure conjugal love, as well as euro the gout, the headache* and the heartaebs. 
In a little book of sccrots. extr;)rted from Albertus Magnus nfbcr?, was one 
to ascertain whether your swooUieart did really love you, and another to dis- 
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cover whether your bride had married you from motives of offectioa or other- 
wise. Both were to be eflTected by the mystical use of the magnet. 

It has already been mentioiied tbat on the aarfaoe of a magnet there ate two 

points at which the attractive power mauifo^^ts itdelf with the greatest mtenaityf 

and that these points are called polo^. If a piece of snft iron is presentod to 
one of these poles, the imn itj^clf wiii become a ma^iiLt of inferior power, will 
exhibit two pules, and attract a second piece of iron ; this second piece of iron 
win in tarn oeeome a magnet, and attnust a third, and so on. The power may 
thus be developed in a seriea of iron ban plaeed end to end, provided the originu 
magnet baa oonBiderable power. If, instead of bars of iron, small particles, 
Buch as filings of iron, be placed under the influonci^ of tlio ma^ct, they will 
adhere together in masses, and form a kind of beard around the j)ok'H, or, il' they 
are sprinkled on a sheet of paper placed over the magnet, they will be {Attracted 
to the polea and to each other, forming cmcvea of great regularity and beanty.* 
These experiments were known to the ancients, and Lucrotias must have seen, 
tbem per funned by the priests, since he describes them minutely in his poem 
to which we have previously alluded. In this he etates that iron filings con- 
tained in a brarf.s ba.-^in appeared to boil when a magnet was moved under them; 
that a row of iron rings would hang one below the other on a magnet, and that 
these experiments were performed by the priests in eonnexbn with the Samo- 
thTHf^ft" mysteries. A similar experiment was exhibited at a festival held every 
ninth year in honor of Apollo at Thebes, in Doetia, which consisted in hanging 
one iron ball on another. These experiments M'»>r<' midoubtedly made by mcmn 
of a i^trong magnet inducing its power in piccoe oi bui't iron, the latter exhibiting 
the attraction as long as they were iu metallic contact with the former, but im- 
mediately losing Uie power when the contact was severed. 

It is only when the iron has been rendered hard by hammering or twisting 
tliat it is able to retain a small amount of magnetism. But if, instead of soft 
iron, bars of tempered steel are plaeed in contiet with the pole of a magnet, 
they will at first not be attracted as powerfully as lIiu.sc of iron ; but if they 
are allowed to remain in contact for some time, or if rubbed with the magnet, 
they will fnlly acquire the magnetic property, and retain it after they have 
been separated fn m tlio inducing magnet. 

If a bar of steel, which ha.s thus been rendered permanently magnetic, and 
of which its poles are at its ends, be placed on a piece of cork, and allowed to 
float horizontally on water, or if it be supported on a firm point at its centre of 
gravity, or, still more simply, by a fine thread, bo as to nave free motion in 
every direction horiiontaUy, it will not remain at rest indifferently in any 
direction, but will torn itaeu so as to point with its poles to a definite region of 
the earth, the one to the north, and the other to the south. If two such movable 
magnetic bars are brought nciireach other, the poles of both which point to the 
north, and also those which point to the south, will repel each other, whilst the 
pole which points to the north in the one will attract the pole which points to 
uie aonth in the other, and vice verta. 

The directi\-(.> property of a freely suspended magnetic bar towards certain 
points of the h(nizon, which is generally callofl the polarity of the needle, was 
not known to western nations as early as the attractive power of the magnet 



• A very interesting experiment, which may bo called the exhibition of ui«^Dctic spectres, 
Qomritta in tradng on a polished plate of steel, siy^h as the blade of awide handiAw, an iman 

in outline ^vUh a pencil, and afterwards passing slowly and with some presfnire along the 
lines of tbi -* iinaf^o one of the tapered polea of a tstraight magnet of c<insiderable power. If a 
sheet of white paper is afkrwanls pasted smoothl^ over this steel surface, and af^ainst this, 
while it ifi h ' \ 'i f ^ r i: filings are projected from a box with a perforated cover, 
the imago will atart mio existence on the bluuk paper, as if by magic, in lines of bristling 
filings. 

The image is iuferestin;rly Hhown by drawing a serpentine line on a lon^ saw blndo, to 
lepreeent a imake ; the cooiigiuutiou of the filings gives a peculiar effect to this exhibition. 
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for iron. It is trun that King Solomon is paid to have been acqnainti cl « ith 
thu Uf*<; c>f iliu luannor'b compass, and tlw Hebrew Parvaira, t'l which he s-ent 
his vesseU for treaaurcs, is said to have bot,u no other country than I'eru iuelt'; 
bat, since Solomon employed Pheniciao seamen, the oompass would neceeaarilj 
have bocQ known t<i tin Phc niciaus, and from Uieee theCrreeka and the Bomana 
would ino-st certainly have learnt its applicatiou. 

The claima of the Chinp?o to the discovery of the directive jinw< r of the 
magnet, and its application to navigation, has long been athrmcd and denied ; 
bnt it haa of late neon defended hy an author of much learning and abililj. 
namely, Klaproth, in a letter to Humboldt. It ia difficult to mention any nseftd 
contrivance which is not in some degree known to this singular people, or any 
period ill history when they did not know it. The great ob«<t )cle which hns^ 
btootl ill the way of admitting the claims of the Chinese to miuiy of the^e in- 
ventions ia the high antiquity to which their records profess to ascend, and their 
Qonseqnent incompatibility with our own received cluonology; bat whoever haa 
looked with any acgree of attention upon the fri^^nentB of tlieir scientific his- 
tory, and the incid'-ntal montion made of thin^j-^ which werr> fimi'iir to the 
I writers, l)Ut whicli did n<»t t'orm tht^ })rincipal object ot' the record, cannot fail to 
be struck with the apparent general consistency which ruud through all their 
ekima to high antiooity, and to be forced to tho conclusion that there 10 still 
wanting a key to that consistency which ia not furnished by the sweeping 
charge of the forgery of their annals. 

It has been said that the fino arts of China appear more like bfing in a con- 
dition of gradual decay than in a state of freshness and «uergy, and that it may 
be possible that their arts, as well as thoso of Egypt, were transferred from som^ 
older peoplep who were in a condition of decline ; but this is mere conjecture, 
nnsapported by any evidence, cither written or oral* lb r^;ard to the Chiaese. 
it would appear, from tho little prop're^^s tli< y liave made since they becam'* 
known to history, and their want of knowledge and ap[)reciatiou oi' the scien- 
tific nrinciplcs on which art is founded, that their condition is just such us 
woulo be produced in an ingenioos people in a long time by the accidental dia* 
Govcriesof facts,and their empirical application to the wants and conveniences of 
life. After a certain (Irae, BUch a people would mike no further progress; the 
facts u liioh could l>e gathered from capn.il fd),-;ervatii)n would be exhaTi--ted. and 
tho advauci; iu civiiizatioa, aa well aa the increase in population, would become 
exceedingly tardy. 

Duhalde, in his account of China, states that the inhabitants of that country 

were lequainted with the polarity of the needle in the earliest time^ ; that han- 
drcfU of years before our era they UMed, in their l iiid excursions, nn iTi^trnment 
in which the movable arm of a human figure invarialdy jtointrd tow,irds the 
south, aa a meana of assistance in finding their way through the grass-covered 

Elains of Tartary. Even as early as the third century of our era, about seven 
undrcd years before the introduction of the mariner's compass into the JBuro- 
pean sea^', it in a? r^rrtcd that Cliiue>je ve^-ael^ sailed on the Indian ocean, dfrecr^i 
by ma.i^netic polarity pointing towanb lie- ."ionih. Ilumboldt has !^huwn ihat, 
according to the " Fuu-Tsaou," (a work on medicine and natural history, 
written four hnndrcd years before the time of Columbus,) the Chinese suspended 
tiie magnetic needle by a fibre of silk, and found that it did not point Oliectly 
towards the south, but deviated somewhat towards the southeast. 

T]\c dfrerttn^ jiroperty of the magnetic needhs and its use in navigation, 
became known in Europe at a considerably later period. It is mentioned, for 
the first time, by Arc (rode, an Icelandic historiaui who was bom iu lOUS, ac- 
cording to tho testimony of Snorro Sturleson, and who must have written hi» 
History of the Discovery of Iceland towards the end of the eleventh century. 
In tht:^ work he states, in the most unequivocal manner, that, in his time, the 
directing property of the magnetic stone was known« lie also states that in 
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tlic year 868 Fokf^ Vilc;^cnl;irt*on. the thml discoverer of this island, a noted 
pirate, sailed from Uo^uluud, in Norway, iu search of Iceland, or Gardarsholm, 
as it was then called, and took with him as pilots three ravens. To oonsecrate 
these to their important purpose, he tnstitnted a grand sacrificial ceremony at 
Smoevsnnd, when his ship was at anchor ready to sail ; for, says Arc Frodc t Ik- 
seamen in the northern reji^innH were as yet nfmcqnnintcd i\'itli the line of the iead- 
iner j^totie. Jiy tlie term leadiug stonc the writer deriigualcd the natural magnet, 
which, iu English, is still called loadstone or lcad»><tone. It may, however, be 
presnmed* from this fonn of expression, that in Frode's time the comi i i>rO' 
perly was not yet known, bnt that the natural magnet was suspended by a 
tlirorid. Accordin;^ to tlie testimony of IIanf=teen, mention h made of the leidar- 
Btoue or sohir-sLoiie, iu the JSturinn;.'.v 'o'l- GiRw^rt. in his celebrated work 
«De Magncte/' relates that, according to the report of Flavius 13Iondug, the 
Amalfitanes (Amalfist) in Naples, first, about the year 1300, oonstmcted and 
applied the mariner'^) compass* and this according to the direction of John 
Gioja, one of their fellow-citizens. He presumes, however, that more probably 
the knowledge of thi^^ compass had been brought from China to Italy, by Paul 
Vcnctus, about the year 12G0. Gioja, of Amalfi, was, nevertheless, at lea.^it the 
iirst who placed the magnetic needle on a point, and divided the compass, ac- 
cording to the points of the horison, into eight diirisions. 

That the mariner's compass, however, was known at an earlier period in thf; 
south of Europe, nlrhough in a rude form, is evident from a pa^fnge of a satirical 
poem, which wa.^ published by Guyot do Proving* in lr>f)3, and of which the 
original nianuKcript is still preserved in the roytd (imperial) lilirary at l^iris. 
It is mentioned in this poem that the seaman easily finas the northern direction 
by the assistance of an ugly, black stonOi called marimeret and this even under 
a cloudy t<ky ; tliat for thin purpose it wa.-^ only necepi-^ary to rub a neecilc with 
the stone, and then, attaching the former to a straw, allow* it to swim on 
water, when it would point to the north. Cardinal Vitri, who lived about the 
year 1^00, also makes mention of the magnetic needle in his history of Jerma- 
1cm, and remarks, moreover, that it is of inestimable valoe to mariners. 

That the mariner's compass was known to northern nations is evident from 
the history of Norway, by Torfaeus, in which it is ptated then in that Yarl 
.Stula was rewarded with a compass for a poem written on the death of tlie 
Swedish count Byrgeres. The directive force of the magnet is also distinctly 
alluded to in a letter to Peter Peregrinus de Marconrt, which was written 
towards the end of the thirteenth century. This letter was directed to " Sige- 
riuri df Funcancourt, a soldier in the service of magnetism," and contains a de- 
scription of the magnet, of the meanr* to find it.« poles, and of its peculiar 
attractive property iu regard to iron, and dually proved that the extremity of 
ihe miignet which turns towards the north is attracted hy the one that turns 
towards the south. One of the oldest treatises on maguetism is contained in a 
Latin manuscript of Peter AlFiirf r, which is found in the University library at 
Leyden, and was written in liiti'J. This manuscript, which seem.^ to Imve ber-n 
composed for the iur^truction ol a friend, is divided into two parts, of which the 
firBt coataius teu, and the second tluee, chapters. In the second chapter of the 
second part the mariner's compass is distinctly and perieetly described ; and 
what id still more intefestiug, the author dot ^ not only mention the variation 
of the ma^z^netic needle from the true north jjoh*. but al'<o give'^ an aeconnt of 
the accurate observations which he had made in regard to the amount of this 
deviation. "Observe well," says he, ** that the ends of the magnet, and those 
of the needle rubbed with it* do not accuratety turn toward the poles, but that 
the end which points toward the south inclmes somewhat to the west, and the 
one pointing to the north in an equal proportion to the east." The magnitude 
of this deviation amounts, accordiug to numerous observations, to five degre< 
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The Yiiiiatioii of the mngnetic needle fkom the meridian, or Iti deeHmtioiw m 
it is ealledy was known before the time of Golombus, to whom its diaeoverj bee 

been generally ascribed. Ilia son, Ferdinand, in the biography of hi« £atber, 
written in Italian, and pnblir«bed at Venice, in 1571, relates that Colnmba*, on 
the 14th of September, (on the 13th according to Irving,; 1492, when he was 
at the distance of 200 leagues from the i^le of r'erro, first obiM^rved the dcviatioa 
of the magnetic needle, "a phenomenon, which," as the reoorder Bays, **}md 
never Ixcn observed before.'* Columbus found that at the dusk of evening tlie 
ne»nll(', iiistond of pointing towards the north star, de viated about half a point, 
viz.. from five to six degrees towards the northwest, and on the following morn- 
ing still more Astonished at this discovery, ho observed the needle for three 
days, and fonnd that the deyiation increaaed the Anther lie advanced to the 
west. At fint he did not call the attention of tliecrew to thU plienomenon, veD 
knowing linw oasily they might be oxcitoJ to revolt. T in ^•uIors, howprcr, 
80on bt'catno aware of the fact, and, on account of it, fell into the greate.~i con- 
fctcrnation. It appeared to them that the very laws of nature were changing a» 
they advanced on their adventnrona career, and that they were entering into a 
new world governed by entirely unknown influences. They saw the compn 
b)j«itig''it9 truthful character, and asked with alarm what would become of them 
without this guide on the tracklr«?s inhospitable ocean? Colnmbu!* bail to tai 
all hia ing^'nnity to appease their terror. lie stated to them that the nf-^'die 
does not direct itself strictly towards the polar star, but towards iuiother invisi- 
ble point in the eky, and that the variation of the magm-tic needle was not dw 
to a change in the cf>m]>ass, but to the motion anJ the diurnal revolution uf thi* 
ccb'stial point around its pole. The confidence which the sailors bad in tb*^ 
astronomical knowledge of Columbus gave weight to this explanation, and their 
excitement was consequently caimcd. Although, as we have seen before, the 
devotion was known two btmdred yean previons to the voyage of Oolomtme, 
il is, hoM cviT, evident teem the facts just related that he made another disoqverr 
of not less importance, namely* that of the difference of the declination in diffei^ 
ent places of the rartli. 

We find more accurate notions of the declination of the magnetic needle, but 
these ore as late as the middie of the seventeenth century. In the year 1541 
. the deviation of the needle from the meridian at Paris was found to be fipom 
ffrven to eight degrees to the east ; in 1550 from eight to nine degrees ; and, ia 
1 380, eleven degrees and a half to the east. Xorm:in, who first observed the 
deviations in London, fnnnd it to be 11 ^ degrees in 15yt), and Gellibrand^at 
the same place, in 1034, tour de^^rees towards the east. 
« "Vye have seen by what 'precedes that the magnetic needle does not point ia 
all parts of the earth precisely to the geometric pole of the globe, and aW that 
the amount of the deviation is not the same in all places. But it is important 
turtlier to remark that a m;ignetic bar, free to move in every direction, will not 
remain sUUiouary if placed in a horizoutal position ; on the contrary, in tbd 
northern hemisphere the north end of the bar will tam down towards the eartfai 
and in the southern hemisphere the south end will aasnme a similar poeitioiL 
The bar will only remain horizontal in the region of the equator. The diseoveij 
of this important property, which is called the diji orinclinfition of the rartjrnftic 
needle, has been generally ascribed to Robert Norman, (whose name ha> ju?t 
bedh mentioned in connexion with the variation,) aa Englishman, an experienced 
sailor, and, as William Gilbert calls him, an artist of genios. It is Mid the dii* 
Govery was mode by Norman in the year 1576, but, according to nnthentie 
documents, it w.is known as early as 1544 to George Ilartmann, vicar of tbe 
church of St. Sebaidus, in Nuremberg. Hartraann was in correspondence with 
Albert, Duke of Prussia, one of those enlightened minds who recognized Uw 
importance of the Bciences even at their early dawn. Their eoanooia&aiob, torn- 
mendng ia 1641, was principally on scientific subjects, bat l^e letter^ which li 
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of the most interest to ns at present, is dated IM.irch 4, 1544, and contains! bocu- 
raie de.«criptions of thn»e mnj:^Ptii' discoviTU'r! whicb Hartmann Lad dhuwn the 
yeiir before, at Nuremberg, to Fertimaiid, King ot' lialicmia, a brother of Charles 
V. Thi8 letter ib ibiind in the secret arcliiveB at Berlin, and was published 
by Mosor. Hartmann Ft it«-s in this that he had discoTeied that the extremity 
of the needle, which is intended to point to the north, must be niblx d with the 
end of the ston*' which points to the -^"nth. nid iliat ;i nocdlc po ruhhed which 
has previou^ly been accurately b ilauced so aa to rebt horizontally, will, after 
the magnetization, incline or dip at one end below the horizon, i'urthcr, that 
a hir<^' bar of iron piaeed verticallj becomes so strongly magnetic as to repel 
with Its lower end toe northern point of a compass n^ole. This fact is best 
shown by xi^\xig a large bar and a ?rnall n» ( die. 

The fact that rusted iron bars, which have remained for a long time in a 
vertical position, exhibit always more or less magnetiism, was first observe*! in 
1590 by Julius Cajsar, a surgeon, at Rimini, who observed that an irt)n iod, 
which had been placed for the support of the wall of the tower of the church of 
AngustineSf had become magnetic Oassendi obi^ei-ved the same, in 1C30, 
in an iron cross which Ijad been thrown down by lightning from the church 
tower at Aix. He found that th" l Uf^tod i'Xtr( m^ties of thin cross had the qual- 
itiea of the loadstone. When, about the year 172:i, the iron cross which had 
adorned for several centuries the spire of the church tower at Delft was tiikeu 
down for repair, the celebrated Loewenhoeck* on the soggestion of a stranger, 
as he says, obtained a piece of the iron from one of the laborers, but no indn- 
ence was exhibited by it on the compaf? needle. Some time afterwardn, however, 
the same lahorer brought him a ru.-itcd piece from the foot of the vertical bar, 
which exhibited more power of attraction than the two uatural magueta which 
Loewenhoeek possessed. 

Whilst magnetism made bat slow progress by incidents^ observations, it re- 
ceived suddenly a powerful impulse from the investigatinoH of Dr. William 
Gilbert, '>f Colchester, England. This distinguished individual, who was phy- 
sician to C^ueen Elizabeth, published in 1600 his "DisserUitiou on the Physiology 
of the Magnet," a work wliich not ouly contained everything known of maguet- 
ism and electricity up to that period^ arranged in a truly scientific manner, but 
also a numerous and insenious series of investigat ions on the subject by himself. 
He was the first who advanced the proposition that the earth itself acts, in all 
its parts, as a great magnet, in opposition to the opinions of those who, < ither 
with Olaus Magnus, supposed that there existed great ma^'nt tic mountaims of 
such power that ships, in the construction of which iron bud not been entirely 
omitted, would be attracted and held fast, or with those who placed the power 
of attraction in the sky, as, for instance, the astrologer, Lucas Gauricus, who 
Buppojied that a great magnet existed under the tail of Ursa Major, a constella- 
tion in the northern liemisphere to which all compsiss needles pointed. Gilbert 
logically refuted the^e aud similar fanciful hypothe,<e.-<, and i^ub.-tituted his owu 
rational theory iu their stead — a theory which, in its geueral priuciples, has 
been retuned to the present time. He also attempted to explain, but with less 
success, the declination of the needle by ascribing magnetism merely to the 
solid parts of the earth, and not to the water, so that the needle would incline 
towards the continent, because a greater amount of magnetic power existed there. 

It could, moreover, not escape (he sagacity of a man like Gilbert, that the 
magnetic terminology, as he fouud it, was liable to great inconsistencies. Even 
in our days we are still accumstomed to call the end of the needle which points 
L tlie north its north pole, and the one pointuig to the south its south pole. 
This form of expression if, nevertheless, incorrect, for if we admit that the 
earth is n great m i^rnet, and that in the vicinity of the geographical north pole 
a magnetic north pole is situated, this north poie could only attract 44ie south 
pole of another magnet, and consequently the end of the magnetic needle 
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which turns towarcls it should be called the south pole. In like maimer Ae 

end of the needle which points to the south should be called its north pole. 
Gilbert objected to the u,se of this iuconsi^ts ncy. anJ introduced in its <U ud tl? 
correct appellation, lie did not aucct * however, in abolishing the old terms, 
although physiciats agreed with him. and eveu some of the more reoau 
writers on this subject have aUupt < dhis forms of expression. This is the cue 
with the French author8 on magncti.<m, and some of the English pby^fici^La 
have endeavored to avoid the dittieuUy by using the term north end fur thc 
extn'mity of the needle which poiutid to the north» and the south end lor thst 
which is directed to the sonth. 

The fact Wiis i^till unknown, even to Gilberti that the deviation of the mag- 
netic needle changes with time, and, upon the whole, there is bnt little trvBt' 
worthy testimony to show to whom the discovery of the secular variatioo 
of the magtK fic nm (lie is to be attributed. Although observations made at 
Paris and Loudon c xliihit in ditfcrent years a difference in the variation!*. iLr 
idea could not b<; seized upuu at once that the needle changed its pusiiiou irom 
one year to another ; on the contrary, it appears that the differences obeerved 
were cout^idered as errors of the observations. Gellibrand, however, who obrm-rved 
the variation in 1G34, in London, fniding it different from that ob.servcd by 
Gunter in 1G2'J, and that by Btirrows in L";SO. cnnchidcd that the devi.ition wa? 
variable, aud iheretbre the discovery is gcacrally axjcribed to him. Although 
the French had observed as early as 1541. 1550, 1580, and 1603, in Paris, foor 
different Tariatious, and although Gunter, in London, had also fonnd a devisr 
tion different from that of Burrows, the honor of the discovery cannot be 
ascribed to any of tli< m, nince the one who niakfs a discovery h he who first 
clearly perccivcb the esf*ential particuljtis of lla- jjIh nomcna and giv« ? an inT' i- 
ligible account of them; for this reason, and, indeed, with jueiice, ilic dis- 
covery of Uranus is ascribed to Herschel, although Flamstesd had ohserred 
it nearly a hundred years before, bnt had mistaken it for a fixed star. The 
fact «)f the yearly variation of the magnetic ncr dle was adopted and d* tVoded 
by (iassendi, in France, and wa.-^ i-oon generally admitted, althou^li ii wa^ 
thought at the time that the motion was regular, or that the north end yf 
the needle moved every year an equal amount towards the west. It was, 
however, soon discovered tliat its progress was far from being regular, but it 
was still thought that the motion was so slow that the needle might be oon> 
sidt red stationary at least for a few days. But thi? also proved to be incor- 
rect when Father Guy Tnchart, in 1682, observed the deviation in the city of 
Louvo, in Siam, in presence of the King; he found it on four, and ugaiu on 
three successive days to assume different directions, either increasing or decreas- 
ing. The celebrated mechanist, Graham, in London, repeated these observe 
tions with better instruments in 1722, and discovered that (he needle changes 
its po:?itiou not only from day to day, but even from honr to liour; thai. iudr^*»L 
it does tlic same continually, aud is, iu fact, in a state of perpetual motion. 
Assessar Swcdenborg, in his treatise on magnetism, expressed a oonbt as to the 
correctness of the.-^i ; propositions, and asserted that they were based upon errors 
of nl).-ervation. This induced the celebrated professor Celsius, at Up«ala, to 
repeat the observatious of Graham. A'* early as in 1740 he communicated a 
few residts to the public, which showed the correctness of Graham's discovery. 

Celsius was also the first who, iu company with Iliarter, observed the remark- 
able aud violent disturbances of themagnetic needle which accompany the appear* 
ance of the aurora boreolis, and it was he who also first established the fact of 
the shnultiineouf motion of the needh^ at different placcf on the earth. Tie h a i 
induced Graluim, iu London, to make ob-^ervauoiir! .-^inHiltaneously with him. ::i 
order to ascertain whether the disturbances of the needle depends uu locju 
cliaiijgesMffr on those affecting large portions of the earth. After the deadi of 
Celstns, Ohiv Hiarfcer continued his observations and published the recotds ef 
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ibe whole. From tbe oomparison of these obeervatione with those of Graham 

it was fotmd that in Europe the needle is furthest to the ea^^t in the momiDgfroili 
eight to nine o'clock, and furthcj^t to the west in the afternoon from our to two 
o'clock, when it again prucci d:^ cii-^twardly nutil eijjht or nine o'clock in the 
eveuiog, when it cither rcuiaini* Htaiiunarj- fur a few hours, or makija a amali 
movement of a few minates back towards the west. During the night it gener- 
ally moves Homcwhat towards the east, so that in the monung at eight o'clock j 
it is found a little more to the eastward than in the evening. | 

About the year 1756, John Canton, in London, ni ulc ohjprvations on the ; 
daily deviations, or of the variations, as they were called, from which the i 
result was deduced that the regular daUy motion about tho time of the sum- 
mer solstice is nearly twice as great as at the winter solstice. In tbe first 
instance, it amounts to about ^, in the latter to abont of a degree. Oaa- 
ton endeavored to explaiu the daily western and the subsequent ca-^tcrn raria^ 
tion of ihe iiLcdlc by referring it to tin; intlncnce of solar hcAt on the mag- | 
uoHe*m ul lilt! earth, lie supposes, since magiicdsm is weakened by heat, that, j 
if in the forenoon the sun warms the eastern parts of tbe earth, the needle | 
will be more attracted towards the western parts, and in a similar manner in ■ 
the afternoon, wlit n fhc snn har? weakened the wo^tern side, the greater in- ' 
Huence of the ea-^tcni will draw tin; needle more towards that din ctiou. 

Before proceeding further in tlie exposition of this subject, we are obliged to 
take a step backwards and direct onr attention to an inmvidnal who pr<3nced 
an epocli hi the theory of the nia^riietism of the earth. We allude to Dr. 
Edmund Ualley, of England, Avho in 1683 published his theory of terrestrial 
magnetism, which, in some particulars, still forma the basis of our present 
theories. He advanced the hypothesis that there were four magutitic poles, 
two in tho vicinity of each geometrical pole of the earth, so that in different 
parts of. the earih the needle always airecta itself in such a manner that 
tbe influence of the nearest poles overcomes that of the more distant one. He 
further a^'snmcd tliat the pole which at that time was nearest to England waa 
Bituated on the meridian of Cape Tiandscnd, at the distance of seven degrees 
from the uorth geometrical pole, and tiiat the other magnetic north pole was on 
the meridian of Califomia, at the distance of 15 degrees from the north geometrical 
pole. He placed one of the two magnetic south poles 16 degrees from the geo- 
graphical south pole, and 95 degrees west from London, and the other, the 
8tronge:it of the four, at tho distance of 2Q degrees from the south pole, and 120 
degrees west trom Loudon. ^ , 

In order also to expkin the suceessiTe Tariations of deviations, he advanced 
itke remarkable bypotnesis that onr earth is a hollow sphere within which is a 
Bolid globe ; that tne two revolve around tbe same centre of gravity in nearly, 
though not in exactly tho same time ; and furthermore, that the polid ^dobe is 
peparated from the exterior hollow shell b}' a liquid medium, lie also .-i!|»|M»sed 
thai the internal globe, as well as the external shell, have each two magnetic 
pi^es, and that the changing deviation of tbe needle was produced by the want 
of perfect Himultaneoasness in the rotation of tbe two spheres. According to 
tlii.-f liyiMjihe.-^is the magnetic poles of the external shell, while they do not 
coincide wiih the geometric poles of the same shell, always retained the same 
position, and, therefore, if the needle waa only affected by them, the variation 
would always remain the same at the some place ; but the ivMdle being also 
acted upon by the magnetic poles of tho interior globe, and as these slowly 
change their position relative to those of tho exterior shell on account of tho 
difference of velocity in the revolution of the two pphere?, a chaTi;r<^ in the 
direction of the ucciUc on ail poiut:^ of the earth's surface must be constantly 
going on. 

Auo after a complete rotation of the exterior within the interior sphere the 
wiation must again become the same, lliis hypothesis created at the time a 
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great sensation, and in order to verify it and to discover from ob.=«crvatioDB tlie 
law of the variation of the nia^'nctic nrndle, Ilalley obtained, through the in- 
fluence of King William, the command of a i*mall veBsei of the royal navy, in 
which he made two voyages in the years 1698 and 1699. He flooa returned 
from the first voyage on account of his crew having fallen sick after paaeiiig 
the equator, and also on account of the mutiny of hie lieutenant. In 1699 ho 
palled again and cruised in the Atlantic and l*acific oceans in various directions. 
From ilic3e voyagCH ho gathered a pnffici< nt number of observations to enable 
him lu pri'pare his celebrated prospective chart of ihu variulions of the mag- 
netic needle. 

On this chart ho connect' I with continued lines all the places on the earth 
whore similar and equal deviation of the needle had been observed, and thus 
produced a projection of what is called the lines of equal variation, or isogunic 
liaes. These lines afford a ready means of presenting at once to the eye the 
totality of the phenomenon. They are also sometimes called Hallcy's lines* 
althongh, as may be inferred fiom a passage in Kireher, he was not the first 
who constructed such charts. Kircher, in fact, states, at p !^»' 443 of his 
Nautica Magnetica, that a Father Ohr. Biirnis ]i;td thought he had discovered 
a process b}- which Ionp:irnde at sea might be determined, and had on acotmnt 
of it claimed a reward of 60,000 ducats from the King of JSpain. His state- 
ment is as follows : On his voyage to India he observed* trader the widely dif- 
ferent meridians, the deviation of the magnetic needle, and collected also obsef^ 
vations made by others. These observations, the number of which was not 
inconsiderable, he projected on a map, and then connected the places of equal 
variation by lines, which he called chalyboclitic lines. He asserted coutideutly 
that, by means of these lines, he eotild aeenratelj determine the geographical 
lot^tnde of a place by merely observing its magnetio variation. The iusnffi- 
cicncy of this method was, however, recognized at the time. Gilbert made a 
pimilar proposal for determininp: lonjdtudo; but, instead of applyijifr the ^'ari.T^ 
tioQ, he thought to use the inclination or dip of the magnetic nccdie to obtain 
the object sought. 

Enler* the great geometrician, also oecnpied himself with the theorv of the 
magnetism of the earth, and endeavored to show that the hypothesis of Halley 

respecting four magnetic polop was unnecessary, and to prove from mathemati- 
cal deduction that the assumption of the existence of two ])(des was sufficient; 
he determined the position of them foi;lhe year 1757. The north pole was bo- 
vond latitude 76^ north, and longitude 96° west firomTenerifie; the south pole at 
latitude 58^ sonth, and longitude US'" west. 

In recent times a large number of the most accurate and valuable observa- 
tions on the declination and inclination of the ma^ietic needle, and on the force 
of terrestrial magnetism in different parts of the eajth, and especially in the 
neighborhood of the equator, have been made by Alexander von Humboldt 
daring his travels. It was principally from these observations that the French 
physicist, Biot, endeavored to give an improved tiieory of the ma^etism of die 
earth. He assumes in this theory that tne mafrnetic j)oles are not situated on 
the earth's surface, but in its centre, and in close proximity to each other, iind 
by means of a somewhat complicated mathematical process ho succeeds in 
bringing the results of observations into apparent harmony with his theory. 

But one of the most zealous promoters ox ottr knowledge of the magnetism 
of the earth is Professor Christopher Hansteon, of Christiana, who, in 1S17, 
published his work entitled " Investigations relative to the Magnetism of the ' 
Earth." An incident in the beginning of the year 1807 gave the first impulse 
to these javestigations. Examining a physical globe constructed for the Oee- 
mographical S^ety of Upsala, Hansteen found, at its sonth pole, an elliptio 
fipire, desij^ated by the name of *^ magnetic poiar region,''* and it was further 
inscribed on the globe that this magnetic polar region had been delineated by 
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Wilke from obeervationB made hy Oaptains Oork and iy>anieMiz. One Ibetis 

of the ellipaig was tln«>ig:nat«'(l as the Htronger, the other as the weaker region. 
Hansteeu waa induced to compare these statements with the observation?, and 
the comparison being satisfactory, he was led to investigate more thoroughly 
the theoiy of Hidley, which, autil then, he had looked upon as a wild specula- 
tion. The result of these investigatimis was that he became a convert to the 
theory of the existence^of four movable magnetic poles. 

Tn 1^11 the Royal I)ani>*h Bociety of Sdencps had offered the annual prize 
for liie In'st auHwer to tlie question, "Whether it is neceeiHary* in order to ex- 
plain the magnetic phenomena of tiie earth, to admit the existOQce of several 
magnetie axes, or whether one is snfficientt" At the beginning of the following 
year Uansteen presented the greatest part of his work, as far a.^ it was com- 
plotr-d, and the society crowned lii.s labors with its princi{)al prize. 

The most important part of Hanstceu's work is that in which ho treats of 
the number, the position, and the motion of the mignetic poles. From all the 
observations collected by him on the variatioas of the niagnetic needle, he con- 
cludea that there are fonr pouits on the earth through which the lines of equal 
deviation pass, viz., a, stronger and a weaker one in the vicinity of each 
geometric polf. Both tht^ stroiifr<^r poh-a. n>> well as thf two weak(;r nnc*^, are 
situated opposite to each other, as it they wen- ttxtreine points of f lie samo axes. 
All four have a regular rotation, the two northern ones from west to east, and 
the sotttfaerp ones uom east to west 

In order to elucidate the nature of the magnetism of the earth in each of its 
relation!*, Uansteen also undertook to make numerous observations, and even 
made a journey to Siberia, in order to carry on his investifrationa within the 
region of greatest intensity of the magnetic phenomenon. This journey, besides 
directly enriching our knowledge of the magnetism of the earth with valuar 
ble results, had other consequences of great importance; it called the attention 
of the Russian government to this subject, and thus prepared the way for the 
labors of Alexander von ITumboldt, at whose request the Emporor of Russia, 
with great liberality, ordered a number of magnetic observatories to be erected 
in his empire. Humboldt, immediately after his return from his travels iu 
America, (1799, 1804,) had erected, in a garden at Berlin, an ob»»rvatory, ex- 
clusively aevoted to magnetism, and in which observ'ations were made, often 
from four to six consecutive days, every lialf hour without interruption. The 
proposal of Humboldt, to erect similar observatories in other places of Germany, 
was not responded to partly on account of the political dii^turbanccs which were 
then visiting that country, partly because its celebrated eitisen was intrusted 
with a mission from his government to France, and was thus hindered, fbr the 
time, iu the jinrsuit of his favorite ol)ject. Arag-o coramonced in 1818, at Paris, 
an excecdiiii;] y valuable series of magnetic observations, and by comparing them 
with such tUi were made simultaneously at Kasan, he coulirmed the assertion of 
bis friend Hnmboldt in regard to the importance and necesaicy of corrcspondmg 
observations. 

Humboldt rotnmed to (Germany in 1827, and established m the antnmn of 

1828 a continnons and rej^ilar scries of ohscrvations. In consequence '^f his 
solicitation, the Imperial Academy of »St. Petersburg and the curator of the 
University at Kiu^au, ereeieJ an obbervatory at fcit. Potersbuig aud Katinu, and 
under the protection of the chief of the mming corps, Oount Oanain, magnetic 
stations were established from the south of Russia through the whole of northern 
Asia. The Russian Academy sent Get)rge Fuss to Pekin, where he erected 
a magnetic observatory in the garden of the Greek convent, in which Kowanko 
foade a continued series of observations correspondiug with those of all iho 
other stations. Admiral Qreig also erected a magnetie observatory at Nieo- 
liyeff, in the Crimea; and, at the instance of Hnimboldt, a subterranean mag- 
netic station was establis h ed under the snperTision of Professor Beich, in the 
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mines at Freiberg, in Saxony, whilst Arago, at his own expense, had a decli- 
nation rnrapass* placed in the interior of Mexico, at tho hei;]:ht of G.OOO feet above 
the level of tho eea. On the suggestion of Admiral Labord, the eecretary of 
the navy of France directed the efltabluluDeiit of a magnetic obcervatorj in 
1836, at Reikiavik, in Iceland, and Humboldt Bent imtrnmeBts for an obsem- 
tory to Havana. 

In 1832 a new epoch commi "H «'»1 in tho history of m:r_rTiot?<' investigations; 
in that year Fred<iric Gaup?. tin; n iiownod author of tlu- ^^n in nil theory of the 
magnetism of thp carlh, as iiumbolJl culla him, erected in the observatory of 
Gottingen a aet of inetrumetite, constructed npon an entirely new principle. In 
1834 this apparatus was transferred to a now ob.scrvatory, expressly prepared 
for tho piirpo-50, and placod in charge of William Weber, Aft< r flii-, from 
Gottiiigi ii. as from a centre, was* diffused over Germany, Swrdtn, and Italy, 
a spirit of magnetic observation with tho improved methods and the instnimeota 
of Girass. In 1636 four annual terms, eacn of twentyofoor honrs, were agreed 
npon by all the obeerveis, during which a continued series of observations were 
to be simultaneously made, althou;;!! the hours of these terms did not exactly 
correspond with those which Uumboldt had proposed, yet they were nnanimonslj 
adopted. 

England had thus far taken no part in the general movement, although the 
celebrated English iiliv-^icist. Sir David Brewster, made application to the 

gov( rnment for the establishment of magnetic stations at different points of the 
British possopsions, but it was hero ag'ain, throii;;h tli<" influence of IIuinlHddt, 
that iIm desired result was obtained, lie addre-'sod a lottor in Aprd, i53ti. to 
the Duke of Sussex, then president of tho Jloyal Society iu Lundou, strongly 
recommending the establiehment of peimanent magnetic stiUions in Canada, al 
St. Ilelena, the Oape of G^d Hope, on the Isle of France, Ceylon, and New 
Holland. In consequence of this letter, a cnmniittco of t!ie Royal Society waa 
appointed in order to examine and report upon tin; suliject. It waa projM>sed , 
by this committee, in a letter to the government, nut only to establish permanent 
magnetic observations, but also to eouip shijps for an expedition to the Antarctic 
ocean for the purpose of magnetie observations in that region. 

(TO BE COKTIKUED IU TUK K£XT UmiRT.) 
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OP 8€»l« 

lLfiC£NT fi£S£AaCH£S MLATlVfi TO THE N£BUL£. 



BY FBOFBSSOB OAUTIER 



l^wadatod for the SmiUiMiiiaa Lwlitution from the Ar«ki»t» 8eumt$ PAynouM d Nutm' 

nUett Geneva, 



TuKUii lb no part of the va«t Uelti of the astronomy of obtfervation which is 
not at presetit tne object of peraeverm^ explorations. I propoAo on this occa- 
sion to giv^ a cursory view of thoce which relate to a wioely extended and 

highly curious class of celestial objects, which was first made a subject of 
special study by the distinj^'tii^lied astronomers Herschel and Messier, and 
since by Lord Ros3. by Fathi rr^ De Vico and Socclii, and by MM. Lamont, 
Lasselbaud Bond ; u subject which pretjCUtB peculiar diOiculties, and respecting 
vhieb there remains much to be cleared up. I allude to the nebula, those 
small whitish patches* of feeble light, which the telescope reveals to uk in great 
numbers in the heavens, and which powerful instruments enable us, for the 
mo^r ]> u t, to recognize as assemblages of stars, situated at enormous distances 
from llic earth. 

In this rapid review I shall follow, in general, the order of datct*, and 1 shall 
commence by saying a few words of a catalogue of the positions in the heavens 

of tifty-three nebulae, the result of observations mjide at the observatory of 
Paris by M. Langier, principally in 1848 and 1849, and by him presented to 
the Academy of Sciences of rai ls at its ?ittin<^ of December 12, 1853. This 
Ciitalogue, publif»hed in the Compte Rendu of liiat Piitiutf, gives with the precision 
of seconds of a degree the right ascensions and mean declinations of the centre 
or most brilliant point of thoee nebuln to Januaiy 1, 1850, as well as Uie 
differences b( iv < < ii these positions and those resulting from tHo catalogues of 
Herschel and AJ( ssier. It is a first attempt at prccist; determinations of the 
position of a certain tinmber of nebnke, undertaken with a view of serviufT; to 
decide, in the sequel, the question whether these bodies are really situated 
beyond the fixed stars which are visible to us. 

BB8BABCHBS BBLATITB TO THB NBBOLA OF OBION. 

M.Liapoun(>fr, director of the observatory of Kazan, in the beginning of 1856 
presented to the Academy of Sciences of Petersburgh, through the medium of 
M. W. Struve, a memoir on the great nehnln of Orion, being the result of 
obgervations made for four years with an equatorial telet^cope of the power 
of that of Dorpat and a meridian circle of Hepsold.* lie has applied himself 



* I know this memoir only from a very succinct mention of it at tbo end of tlie number of 
the Monthly Noticrs of tlic Asfronoruical Society of Luudun ft-r March 14, l^.'it!, vol. xvi, 

S. 139. Am I ishall t're(|uuut.ly huvn to cite this compilutiou, m well a« that published at 
Jtona by Dr. Pt tirs under the title uf Astrommdad» NMhriekmtf I sliaU designate them 
nqpectively by their initial letten, M. and 
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to a very exact determinatioil» hj a process of triangulatioiii of the positions 
of all the stars which his instruinentd have enabled him to see in that nebula, 
and to a mo8t careful delineation of all the parts of that remarkable celestial 
object, of which more than one chart had been already constructed, while 
atidiguing particular names to its several regions. M. Stmve, in comparing the 
resmte of Liapoonoff with those of Sir John Hencbel. Lamont» and Bond* has 
expressed the opinion that this nebula must be subject to changes of toim and 
relative brif;litncf5B in it? cliffcTi-nt parts. 

M. Otto Struve h-^'* '"ontimu-d, at the observatory <»f Poulkova, the labor:* of 
M. Liapounoff, and iiu^ reported ilie first results of his researches in a commu- 
nication, of the date of May 1, 1857, presented to the Astionomical Society hj 
M. Airy. June 12 of the same year, and published in the seventeenth yoliime 
of the M. N., pp. 225-230. 

In this, M. Stnive be'dns by describing the variableness of the lu*<trp of 
different small stars situated in the nebula of Orion — a variableness which he 
has verified as well by a comparison of his observations with those of other 
astronomers as by different observations of his own.* *'The existence of so 
many variable stars," he continues* "in 10 limited a space of the central part 
of the most curious nebula of the heavens roust naturally lead to the PuppoBition 
that these phenomena are intimately connected with the myr^terious nature of 
this hotly. ♦ ♦ Admittiug that the rapid changes of light obseiVcd iu theae 
small stars, whether in the region called Huygma or in that called SubmAuUMOt 
are connected with the nature of the nebula, it might be presumed that changes 
would be equally observed iu tbe njipearancc of the nebula and in the distribu- 
tion of the nebulous matter. But observations of this kiud are subject to so 
many illusions, that we can scarce be suiHcieutiy reserved in the conclusions 
drawn from them. I cannot think that the oonrse commonly pursued by 
astronomers in this species of xesearches^the comparison, namely, with one 
another of graphic representations made at different epochs by different 
observers — rvor ronductf to rcpults which can be regarded as indubitabh:. 
The optic power of the telescope, the transparency of the atmosphere, varying 
with different stations, the peculiarities of the observer's eye, the measure of 
skUl and of experience in giaphic representations of the kind-^^dl this, joined 
with the influence of the imiigination of the observer, forms obstacles which it 
will alwayn bo difScult to overcome in proceeding: after this manner. It might 
perhaps be possible, by following this method for centuries, to discover pro- 
> gressive changes, if any exist ; but those can never be thus verilied which take 
place In short intervals of time. Now, the rapid variations of light In the stats 
may well cause us to expect similar, and perhaps periodical, variations in the 
appearances of the nebulous matter. It is therefore to rapid chanf^'c.-* of this 
sort that we should particularly direct our attention, and we shall b»' betti r able 
to verify their existence by comparative observations on the degree of light and 
the forms of some prominent portions of the nebula than by representing it in 
its entireness. It was in this way that I endeavored to proceed during last 
winter, and the ^n^] : \ssion produced upon me was a strong one that, atdifiexent 
points, considerable changes occurred within the short period of my ob?erva- 
tiouf^. 1 do not venture, however, to rej^ard them as positive facia until iliry 
shall have been corroboraied, ei'pecially by observers stationed in more lavurabie 
dimates and provided with optical instrumentalities sufficient for the purpose."! 



• I have liiTotufort' ha<l occasion to speak of this weik of M. O. Stnive, in u Ni>tl» «' Jhe 
8tan ot Variable BrightneKs, publisbud in tbo numbere of the Utbliotheqat Uiticer»tlU 
(ilrdUvM, vol. xxzvi, pp. 5-89) for Sept«mber stid October, 1857. H. Otto Stmrt has 

ncenlly Bucceedod his tailuT iu the din-i tiuu of the - i* Rnssiiin observatory of Poulkova. 
t Tb« memoir of M. O. Strove un this subject iian been pubiislio<l, I beUeve, in voL ii of I 

OOUsOldO^ft ^flttttlfldf ^AkfAi^^iff Jj^BfAtftMAfij^Mtfy ^A^CVtfM^lRS^^itfVii 
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M. 0. Striive procoetls to mention in (kf iil lour partB of tlie nebula of Orioa 
in wliicli lie iMJiciiived luot-t diistiuctly, m an interval of eome montUii, chaugea 
of form or or the degree of light. The first is a bay, extending from the ttraitm 
of Le Gentil in the direction of the trapczinin <>t stars situated towards the 
middl*' of tlie nebula. Thi^ bny appeared to biin at ono time altogether 
obscure, like the straits ; at another, full of nebuloj^it\\ and little inferior in 
brightness to the eurrounding portions of the region of liny gene. Dr. Lamont 
first delineated tliis hay, which has never been seen by Sir Jolm Herschd. 
The second is a nebulous bridge, which crosses the great straUe, with a point 
of concentrated light about midway. M. Struve saw it in winter, sometimes as 
reprenonted by Henrhel, Hometimos as by LiapounoO*, t\ ifli nnu li i^reatrr con- 
centration of light, but ahvaygi much more extended than in tiie n pre^cntatiuns 
of these astronomers, and closely approaching the southern limit of the great 
atrait. Very faint liaees of it are indicated by M. Lamont, while Frotessor 
Bond did not see it at all. The third is a nebulosity surronnding star 75 of 
Uerschel's catalogue, which nppcarrd to M. Slruve to V"' >»ubject to great 
changes of brightness. Lastly, the fourth y- irt is a sort of narrow can tl, uniting 
in a right lino the obscure space sitdated aiouud the stars 76, bO, and b4, of 
Hersehel's catalogue, with the north side of the great eimit, near the exterior 
e:Ktremity of the bridge before mentioned. The canal, which has not been 
represented by any other observer, was distinctly seen by M. Struve March S4, 
1857, while on other occasionu lie has not perceivfd the least trace of it. 

This uBtruuomer, in closnig his commnnicatiou, adds, that the general im- 
pression resulting from his observations is to the effect that the centnU part of 
the nebula of Orion is in a state of contfaraal cliaiige of brightness as regards 
many of its portions. In those cases where the images were uio>it distinct, 
their appearance did not seem entirely uniform from night to night. These 
changes in the dogree of light cannot, however, be perceived in tlie greater 
number of cases without instruments of considerable optical power ; and he does 
not think that achromatic telescopes of less than ten mches opening can serve 
to verify them, except under atmospheric conditions extraordinarily favorable. 

The twenty-second volume of the M.N. (pp. 203-207) contains the analysis 
of another memoir relating to the same nelniia. It w;l«< communic^ited to the 
Astronomical Society, j^iay iO, 1861, by IVotessor George Bond, who has {suc- 
ceeded his father in the direction of the obsenratonr of Harvard College, at 
Cambridge, near Boston. The paper bears for its titie. On tke tfwral %truiGh»e 
of the great nebula of Orion. 

Professor Bond the father, in a memoir published in 18i8, liad already 
remark<'d that the light of this nebula seemed to present a radiated appearance 
on its southern side, starting from the neighborhood of the trapezium uf stars 
aitnated towards its middle. Ii^fessor O. Bond has nndertaken, since 18«57, 
to form a catalogue of the stars comprised in a squai-e of forty minutes to the 
sid( , having of ()rion for its centre. He selected one hundred and twenty -one 
bright stars as guiding points to which to refer the smaller stars, of too feeble 
light, for the most part, to rcmam visible under a strong illumination of the 
micrometric threads. In a first sheet he has arranged two hundred and six^- 
two stars, and then subdivided the same surface into four charts, finally reuxkited 
into a single one. The form and arrangement of the elongated luminous tuft?, 
alteniating with the more obfcnre spaces .stretching from the neighborhood of 
the trapezium, have been determined by two independent procedures, the nebula 
being first delineated as a bright object on a dark groimd, and then as a dark 
object on a white ground. 

I cannot <mter here into the descriptive details given in the analysis of Prof. 
Bond's memoir, and I shall confine myself to a report of its conclusion. The 
general aspect of the greater part of the nebnlre of Orion is an assemblage of 
tui'ts or curvilinear pencils of luminous matter, cniauaim^ from bright masses 
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near the trapezium, extending towards the Houtli, on each side of an axis pacie- 
ing by the apex of the region called Huygens, of which the angle of position 
is in the neighborhood of 180^. Some twenty of these circnmvolDtions havB 
been distinctly traced, whilst others, producing the silme impresaion, are too 
faint or too complicntMl to he Hf>!*cribod with prf»ri<»Ton. Wo mnv cln^s, then, 
accordiug to Prof. Bond, the nebulre of Orhm among the spiral nehuUe, such as 
they were, for the first time, described by Lord Ross, wiiii the aid of his great 
reflecting telescope. The nebnln No. $1, of the catalogue of Messier, was the 
first in which he discovered thu spiral conformation, which had escaped both 
the astronomers lI(•r^^cllt*l. 

Prof. Bond has obt*erved that, in a proat number of c-.xi^vfi, the masses of neb- 
ulous matter are associateil with stars, frcc^uently under the form of small tufts 
extending from their southern side. He cites two r^arkahle insfianoes where 
there is a deficit of luminous matter noar stars of considerable brilliancy ; the 
first, in reforonce to the trapezium itself, whose obscure centre has been remarked 
by sundry observers; the other, to the star Jnta of Orion. These peculiarities 
appear to l^'rof. Bond to be favorable to the sup])(>.sition of a physical associa- 
tion of the stars with the nebnls. The existence of an arrangement in a spiral 
form of the parts which compose it accords with the idea of a stdlar consttta- 
tion ; for iimong the objects which present this peculiarity of foim are found 
not only nebulae resolvnble into fstarw, !)ut nifiPBes of stars properly so cnlU-d, 
snch. for instance, as the p^rarid mass of >jfH?-jj of tin* consttillation Uercnlos, 
where the exterior stars have evidently a cux vilmciir arrangemeuL 

OTBBR PACTS BBLATING TO TBB NBBQLiB. 

M. Norman Pogson, whilst at the observatory of Dr. I^e* at Hartwel1> in 

1860, witnest'ed a change in the nebulae, or mass of t^tars* No. 80 of the cata* 
'loguc of Mes.sier, situat'^d in the constellation of the Scorpion, and very close 
to a pair of variable stars R and S of the iSeorpion, which have been ob.>»erved 
by M. Chacornac since 1853. The 9th of May this nebulae had iis usual aspect, 
without any stellar appearance* and the S8th of the same month Mr. Pogson 
saw therein a star of the 7th or 8th magnitude, which has been also observed 
since the 21.-t of >[;tv liy MM. Luther and Auwers at Kdningsberg, and wliieh 
the latter have e.-^timatt-d to Ik? of something more than the, 7th magniuule. 
The 10th ol" June following, with a magnifying power of GG, the stellar ap- 
pearance had nearly passed away, but the nebuls had a greater brilliancy than 
usual, with a clearly marked central condensation. M. Pogson does not think 
that thif* variation can 1)0 attribnted to a change in the nebulaj itself, bat he re> 
gards ^'ini;ular that a new variable star, the third comprised in the same field 
of visiou, should be found exactly situated between the earth and that nt ljuL-e. 
This obserration has been publi^ed in the twenty-first volume of iho M. N., 
p. 32. 

M. Chacornac has observed quite recently, with M. Foucault's great reflect- 
ing trh'<cope of plated f2:la«-*. *o adapted to procure a great dep^f^e of enlarge- 
ment, the annular nebulai ul the Lyre, and he has ascertained that it is in n>ality 
resolvable iiito a mass of very small stars, closely crowded together, the bright- 
est of them occupying the extremities of the small diameter. This nebulfls, in 
an examination of several nights, presented to him the appearance of a hollow 
cylinder, feen in a dimction nearly parallel to its axis ; and its centre, as Lord 
Itors dencriU'S it, ir* veiled by a eni tain of nebulous matter, which convert-* it- 
self into a somewhat thin siratum of little stai'S. M. Chaconiac adds, in a com- 
munication to Dr. Petm on this subject, dated Paris, 9tb June, 1862, and pub- 
lished <n No. 1368 of the A. N., that when the view is screened from all inter* 
fering light, the scintillation of this multitude of luminous points, occupying* 
larj^c portion of the soxikce of the retina, produces a sort of giddiness which 
is c^^uitc curious. 
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1 pa.-^rt now to tli<^ labors of M. d'Arrcst, relative to the nebula). Tins 
astjououier had boguu to occupy liimscU with this eubject while lie w;i.«* Mill 
attached to the observatory of LeipBic, and, since 18^7, has published in the 
ooUection of the memoira of the Boyal Socioty of 8axe the result of his first 
observations of 230 nebulse, made with a double annnlar micrometer, of Frauen- 
hofer's construction, applied to a tolencope of 52 lines opening and 6 feet focal 
length. Prof. d'Arrest* i? at present director of tlie observ atory of Copen- 
hagen, and he has contiuucU, ^iuce the month of September, lbi>I, hid obi«erva- 
tions of the nebulas, with a large achromatic telescope, of 1 1 inches opening and 
16 feet focal len|>th> the optic power of which he estimates to be intermediate 
between that of Her^chers 20 feet redecting telcif<cope, and that of the telescope 
of the same kind with wbith Lassell likewise ba^ observed the nobulaj from 
18/>2 to 1854. Tlif' telescoiK' of Copenhagen has enabled M. d'Arrest not 
only to recognize all tbe nebula) of Herschel. but to discover more tbau a hun- 
dred new ones among 776 observed in eight months. He has been enabled also, 
imder favorable eircomstBDces and with some difficQlty, to see certain nebobs 
indicated by Laesell. 

M. fl'Arnist, making lii.s ob.siTvation.-A alono, ponn porccived that ho could 
ecarcM'lv combine tlu^ ob.-^crvation of cclf.-^tial objects of very feeble light with 
the mieroHcopic reading of the circles of his iutilniment. It follows that his 
new catalogue will not assign, with all the precision attainable, the absolute 

Sisition of each object on the celestial sphere. This position is only given to 
e minute of a degree in liebt ascension and in declination ; but as the nebnlaQ 
arc vry carpfully compfirrd with the nei^rbborinp^ pmall.etars by the Ik Ip of 
anuulur and ibre ul niici-onii tcrfS, we ^hall thus have competent means for ascer- 
taining with precision their jiroper movements in respect to those stars, which 
constitutes one of the principal aims of the researches of M. d'Arrest, This 
astronomer has published, in No. 1366 of the A. N., an interesting notice* dated 
20th May, 18G2, of his later labiirs; and from this I shall extract some de- 
tails, tending to complete those which precede. 

VARIABILITY OF TBB BSIOHTNBS9 OF THB TTBBULiB. 

M. d'Arrest considers as well established one of the results of the great 
labor of Argelanderi in which has originated his new catalogue of stars, namely, 
tbst, of 50.000 stars already well recognized, there exists but a small number 
of which the brightness is periodically Tariable; and ha belicvrs the 'same 
may be affirmed, Utongh with less certainty* to be yery nearly the case with 
the nebuKo;. 

Sir W. llerschel had subdivided the nebulas into throe classes, with reference 
to their relative degree of brightness. M. d'Arrest has found a great many 
instances in which we nebula, as at first claseed by Herschel, must now be as- 
signed by one or even two units a new place in vbe classification. Herschel 
himself had, in llic conr:«o of .-*omP years, changed several of his appp r- I'ions. 
But in view of the great diversity of afmnspbnric influences in bnmid climates, 
bearing upon observations of this kind, M. d'Arrest thinks, like M. Otto iStruve, 
that it is impossible to be too dreumspect in regard to the conclusions to be de- 
duced firom yariabilities of this nature. He instances, however, a small num- 
ber of cases m which some degree of variability has been positively ascer- 
taintnl. 

Till' fir-'t of tbc?<e oases is that resulting from the observations of M. O. Struve 
on the nebula of Orion belbrc spoken of. The observations of this nebula 
recently made, at different times and m favorable nights, by M. d'Arrest, with 
bis large telescope, have confirmed ihoso of M. Struve, particularly as regards 



* 8m M. N., voL xvii, p. 48. • 
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Ae hru^ ow tlie grwU Utak, whieh, last winter, was MMMStimeB ^tinctlj 

visible at Gopenbageu, presenting the appearance assigned it hj M. LasaelL 

The second case of well-established variability is the almost total disappear- 
ance of a small and faint nebulsB discovered by M. TTiiifl. October 11, 18-')2, in 
the constellation Taurus, recognized by other aiiti-uuumcr:^, and iu tiie begin- 
Ding of 1856 stili readily perceptible with a telescope of aix feet focal lengtiL 
Two yeu9 later it was no longer to be seeup except with great diffieoltj. in tlie 
heliometer of the observatory of K»nigsberff. It was invisible October 3. 1861. 
with the great tf»le?cop<^ of OoiK uhap^n. M. Chacomac, with the new telescope 
of M. FoMcault, and SI. Lsi^-* !!. nf Malt;<. with hi? reflectinjj telescope of four 
feet diameter, nought fur it iu vuiii ui ib62, though it wa<i btiii to be eecii with 
Ae great acbromatie teleeeope of Poolkova. 

A curious circumstance, connected wijh the great dimintition of the bright- 
ness of tlii.s iH'buIa, is thnt thi:; diininution ba^^ coincided with that of a small 
star which pre^eiitiil it-<< )f almost iu contact with the nebula. M, Ar^< ]an«1»'r 
estimated the maguiiudc of this star, in 18d2» at 9.4. It was of not mure ihtm 
the tenth magnitude in 1868, of the eleventh in 1861, and of the thirteenth or 
fourteenth in 1862. 

Sir John Herschd believed that be had reoeBtly detected another instance 
of the disappearance of a nebula from not having found inscribed in the first 
catalogue of M. d'Arrest a very iuint nebula, nctiictd by Sir W. H« rt*cbi.l, uw 
two others iu the constellation of Berenice's hair. Bui M. Chacoruac hn^ a«cer- 
tsined, with the new tdeeeope of M. Foneanlt, that this feeble nebula is stiH 
plaiitly visible* and M. d'Arrest has also observed it with his great teleaeope. 
The latter astrnnomcr further cite? a small number of caj^es where there may 
have ht*< n vanahility of bri;;litnetit», or even disappearance of nebuiie ; but thoM 
inBtuncos are not an well established as that of the nebula of M. Hind. 

DODBLB NBBVI.JB. 

Sir John Herschel has remarked in his important memoir on the neba1«, 

pnblir^lied in the Philotqpkical TramaUUm for 1833,. p. 502, that the number 
of !2el)ulai pbvfiically connected with one another if probably mon; con?ideralilc, 
Telativ«'ly to the total nTirnber of the nebulae, thau that of double stara amuug 
the tixed stars.* Admiiting a mutual distance of five minutes of a d^ree to 
be the greatest for the donbw nebulfe, If. d'Arrest even now enumerates about 
fifty comprehended within this limit, and is of opinion that there may be two 
or three hundred of them among the whole nnmber of some 3,000 nebulas dis- 
cernible in our heavens. f So considerable a pro]>ortion of double nebulfc jnfti- 
fies the presumption that there i.«> a real conuexiou iu these groups, and their 
aspect confirms this idea, particularly in the case where unusual forms present 
themselves at once in two equal exemplifications. Sir W. Hmchel seems not 
to have had an idea o^ this physical oonnexion between the nehnlm, but Sir 
John distinctly ppeaks? of it on more than one 'tcrasion. It can Pcarecly bt' 
doubtt^d that at some future period astronomers will bo called on to calculate tlie 
orbits of the double nebulse. 

H. d'Arrest mentions some particalar esses of this sort of nehnbs* of wlueb 
one is triple. There is as yet but one recognized, where* on eomparing dw 
dir^tances and resj^ective positions of the two nebulae of the same group obserred 
in 1785, 1827, and lS(j2, considerable changes have been noticed, which ?eeiD 
to indicate a movement of revolution of the one around the other. This doobie 



* A sliott wuAy^ of tUs adminble paper of J. HtndMl, aecompanM widi a pitto, ^ 

girfn in iJic Lssius rif ttu Ulhtiotkeque (jntvirstlU for Juno and .July, Jti34. 

t M. d" Arrest Liw nuite recently publisbod, in No, of the A. N., a catalogue, for the 
commeuoemvQt of 1861, of thp positions and aspset of fiftvdoaUs ashnhs wmdi he bM 
aliM^jr ivoognitad, sad of whfth a doien sio new «n«. 
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m. 

* 

and particalarlj intcrcstiog nebula is sitaatccl at 109** 12' of riglit aaoension, 
nnd 29^ 45' of north declination. M. La^sel has represented it in Fig. 9 of 

Plate Xr. nr'f^o n j laying hi.^ m'.n »Ir, pjblishod in vol. Vxiii of the quarto 
collection of the Astronomical Socioty of fjoiulon. The two t- nnpn'iciit?* of tho 
nebula are very diatiuct, thouijli their mutual distance is at jin'sciit but 2^ 
seconds; bat tuej' are diffieolt to be seen when tho threads of tlio micrometer 
are illnminated. A very small star is found between the two, exactly in the 
eame place u lu f M. L issel observed it ten years ago. .M. d'Airesi will take 
occn--ion, \v!i ii lii- I i!ior.-< on this subject are com|»l N d. to cito some other 
aualogons c!-< >^of ch.uige of lol itivo p^^ition in doiihlo nebula;, llin pro- 
Bumptiou, ia liic mean time, fruui what he luia been able thus far to discern, ia, 
that there will not be found in any of these groups of nebulas ns short periods 
of revolntion as those which have been vorifiea in the case of some of the 
double stars. 

Finally, M. d'Arre.-st reports a small mimlirr of cases where, hy comparing a 
nebulri with -omc nmall Btar near it, and repeat iui^ this compaiison at the cud 
of a certaiu time, he has'becu able to verify sligiil differences of distance or of 
position, which might indicate a proper morement in one or the other of those 
bodies. 

I lierc terminate this short review, in which I have bcf-n able to give but a 
rapid glance at the present state of observation in respect to one of the most 
difficult aud Ica^t advanced parts of astronomical science.* 

Post srriptum. — M. d'Arret^t has just annoiii^rrd in No. l'A7S of the A. N., 
that he has recognized in the constellation TauniA the existence of a second 
nebula of variable brightness. 



* I ought here to correct an error, pointed out to me by Dr. Hirsch. which I commit led i n 
• my notice on the otnervatory of Netifchat«1, iiuarted In tbe nambor or tho Archites for last 

July, vnluine xiv, p, 224. It in not M. llirsdi, but T'lofr -nr K'n; of Xinfcl ate!, who 
fotttxa part of tho meteorologioU coouaiMioQ imtitotcd by the lieiveiic ikwietjr of Natuxol 
fidsnes* 
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BY 8B« maWh MBBINO. 



Amuario dd Bud Oburraiorto dt Madrid; cuarto am; 1863. 



In an article inserted in our Animal for 1862, under the tame title witb t&« 
present* we proiK>eed, as our nearly exclaeiTC object, to present, in an elementary 

manner, tho result of , the invei»tigations here tofore made to determrac the form 
and volnme of the earth, ajiart trom lii-fnrlcal notice?, Tnimericnl (letail,-, a;i(1, 
ill a woffl, whatever ini^rht embarras!* tli<' course of the roa^oninj^, or distract 
the itiieiiiion of our reudera. Thus conceived and compiled, that tirBt article 
wa» for the moi»t part dry, regards resnlts, and incomplete under Tarions as- 
pects. D17, inasmuch as the mind takes less pleasure in the final eolation of 
a problem than in the survey of \\\v means and computations employed toover- 
come, one affr nnotlh r, tlir difilciili it * wliich hr-ct it; and incomplete, because 
without tmiiilx IS tli< re i.-^ in the jdiytsieal »*ciene< - no ]irt'ci5'o .«r>ltifion, Fin-h ar« 
phall leave the miud traii«|uil and i<atii^{icd. To cupply our inteniionul omi.ss«ion 
b the design of the present pagc^, in which, assuming the substance of our for* 
mer article to bc^ known, we shall con*>ider, successively, and under the new 
point of view ju8t indicated, the three followinp^ points : 

First. In what manner the lnnnan uuder?«fan(ling, acted upon by the immediate 
t< "tini'tny of the wnses, acquired, after a long uocertaiuty, a dear idea of the 
rtiUuiiui-H'S and rotation of the earth. 

Second. By what means that first idea, founded on a somewhat superficial ex- 
amination, became coutirmed, and, at the same time, modified in some of the de- 
tails hy the actual and direct measun ment of our globe. 

Third. The present State of the question, brieiiy summed up in certain nu- 
merical tables. 

I. 

In considering the progress of astronomy we must distingnieh two epochs of 
qnit(! jlifTerent character — one very remote, and only known to ua by vague and 
confus: (I tradition, which ofi* a iniflrrujone a Htmiiied iiitnrpn'tation ; tlie 
ollh r 11 i irrr to our own tiiuc.>^, wlm-i liij^iory has bet n con-igned to niicqtiivoc.il 
and iulp<'^i^hablc monuments, in (lie opinion of certaiii authors poa^a^^ed of 
erudition and talent, and doubtless sincci'e in (heir belief, hot led astray possibly 
by the excess of their imagination, tiu; ancient people of central ^ia, the 
Chinese, Indians, Assyriani^, and Chaldeans, as w< 11 as the Egyptians, enjoyed 
^ a civilization superior to the modern. enUivated the sciences, and possessed, 
particularly, a knowledge ot eolr?ti.il j)lu'nomena, tr> whir)? our pre?**'nt astrono- 
mers cannot yet pretend. In the possible cikic iliat tbi> were so, nitiiough liie 
mind instinctively revolts from believing i t ; that astronomy flourished at a period 
of which history preserves no distinct traces, and that all which we know to- 
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Jay ree^pecling the form of the earth and its relatious with the other bodies of our 
system was known many >^ .s befoi-o that in which we live ; granting, 
that in view of Ihe conBt^uit and great Ticiaaitudes to which the world is snb* 
ject, whore the events of to-day ?o readily and radically efface the most mo- 
mento^l^* memories of yesterday, we are left without any pof«itive grounds for 
roundly derf^ing the above aasertions, yet what imports it to us whether the 
primidve people of Asia were more enlightened than those of modem Europe, 
if there remain only incomplete traces of their kuowlLdgc — if their science haa 
disappeared or been transmitted only when the modern had secured new foun- 
dations, assnrr-dly not loss solid than the ancient ? If we concede at once that 
those people had ai»certaincd the rouudueijs of the earth, whether from the ex- 
perience acquired in theu- emigrations and their wjirlike and commercial expe- 
ditions, or else from a species of intuition; thatfirom the demonstrated fact they 
ascended to tin- producing cause, and that, not content with a knowledge of tu9<^ 
form, they liad r 'UL'lit and succeeded in dctcruiinin^ the dimension? of the globe, 
what advanta;;(' have the modems derived liom all this? In what rt-spect have 
these problematical auteccdcnts served to enlighten ua with reterence to the 
questions with which we are en gaged I This is to us the point of interest, and 
it is thia.which we should first of all endeavor to make phua. 

In hia heroic poems Homer brings together all the cosmographic and geo- 
trrapiiic if!fni.-< of hh n^i^o and of the peopjo to whom he hrlonp^ed — a people fitted, 
beyond all then known, for the cultivation of the science**, distinguished by 
their lively and penetrating imagination, and inhahituig a country in all respeeta 
the most iiavorably situated for observation* And yet Homer, minute and eaud* 
as he is in the description of the scene on which his heroes moved, supposes tfa9 
earth to be a piano, and bounded in all directions by the waters of the ocean; 
pkce.s in the luiildlc < if ir Greece, and particularly the Thessalian Ol vnif)ns ; estab- 
lishes, ou the myeterioua limits of the horizon, pUlows which aervr a> a support 
for the skies; pictures Tartarus, the abode of the enemies of the ^ods, at a great 
depth beneath the surface ; and beyond the dim confinea of earth imagines eAao», 
or immensity, a confused mixture of life and vacuity, an abysa where exist, 
without ordi r. all the ( Icincnta of Tartarus, earth, and heaven. Here we havo 
the point of departure for our existing knowledge reapccting the form of tho 
earth and the constitutbn of the celestial vault; and is there here anythinif 
which reveals the profound research, whether certain or problematical, of ths 
pristine races 1 Have we here, indeed, anything more than the primitive id^Sr 
which the spectacle of nature wakens in the breast of every one moderately en- 
dowed with an iu(|uiriu^ npirit, dresped in the rolorf of a prlowing" imagiuaiioa, 
but betraying the incapacity to discover the truth thi-ough the mists which en^ 
velope iti 

The voyages of the Phf nicians, though conducted with less tunidity thaa 

thorSf of tlio cotf'Tnporarv (rrcck.-i, yet with a ])rudonfe and caution indicative 
of no transmit ted knowledge, o|)<'n the door to wider in%'e?ti^ation, to juater 
ideaa of the iigurc of the earth, and lead, by a more certain, at least more ex- 
peditious path, to the discovery of the truth. Till this epoch history presents 
to us each people shut up within the narrow limits which nature had marked 
for it, here f*e'parated from the rest by mountain chains, there by tempoatuous 
sett!*. Tlip dwrllrrs of Tyre atid Sidon are the first to venture habitnnlly on 
dijitant voyages m search of new lund^?, uf foreign productions, of liicolijecls of 
luxury and affluence, which were wanting at home. They visit, one by one, 
all the talands of the Mediterranean, coast along the north of Africa, founding 
colonies wlicrever suitable; and, without recoiling before the dreaded stmits of 
(t;u!r?, lainich into the ocean and establish the |)iin( ipal scaf-^ of their com- 
Tiuacc Oil tlu; Hmilinsr f^lioirs of lU'ticn. And wiiil*! advanciii::: on the west to 



points never betbro reached, this commercial people unite the Ucets of tlieir 
King Huram with those of Solomon to explore the coasts of the Bed and of the 
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Erythrean or Indian seas ; while BtOl later, as aome historiaiis mamtam, tbdr 

boldiics8 rcachca hucIi a point that thej navigate the nhores of Africa by the 
eo«t, double the Cape of Good Hope, afterwards long forgotten, and r<'gain their 
country at the end of three years the before-mentioned straits of Gadea, or 
Gibraltar.* 

The Carthaginians, possessing tbc same enterprising and mercantile genius 
with their ancestors of Fhenicia, and benefit! ug by the experience of the latter, 
projected still more importanti if not more daring, ex])edition8. Han»o, with a 
numerous flet^t, traces the "western coast of Africa aud attains tho month of the 
river Senegal, while llimilco, sailing in the oppoj^ito direction, stops not j^hort 
of England* where he loads his vessels with the coveted metal stored in that 
region. , 

Similar exp(>dttions» made with erer^increaslng frequency and boldness* aviek 
as the voyage of Golceus of Samos, which extendi d to the entrance of the At- 
lantic, and so Htrongly excited the cunosiry of tlic Greeki*, and the much Inter 
one of Pyihca.-t of Marseillos, ^vho iuhanco 1 as far an the F^-nK- i-"1;ind«, and 
even entered the Baltic, althongh they might be undertaken soirly with the 
Views of adventure or cuuiUiiy, could not bat be conducive to the progress ni 
astronomy and its kindred sciences, as well in regard to the preliminaries thej 
required* as the observations and notices collected in these protracted wander- 
ings. However closn ly attracted to tin; land by nece!?si;y or interest, can \re 
suppose liiat these early navigators ditl no,t oficn lilt tlieir eyps to conicmplute 
the celestial vault, induced as well by the requirements of safety us by the 
curiosity inherent in man of seeing and learning something new? In this 
way the old impressions that the earth was plane and undefined, that the stars, 
quenched in the sea, were a^in kindled at their rising, and others of the $<ame 
kind, ^'onld neeessarily give way, not alone in tlie conceptions of the tlioughtful, 
but in the opini on of the vulgar, and Ijc ri-jd ued by ideas move ereditable to 
human sagacity, aud conformable to the truth and simplicity of nature. To thii 
xesult would conduce, indtreetlj but still cfiectoallj, the travels undertaken by 
land, whether towards the north in search of amber, fan and materials of con- 
stmction, towards the east for ivory and spices, or towards the west for metals. 
The wars amonj^ nations would also promote this result, as necessarily teudin«:j 
to a mixture of mco.^, and a cnmpirison of conliictin'; idea?'. Among intiuencc;! 
of this kind wu may especially distinguish the expedition of Alexander, at 
once enlarging beyond example the limits of the known world, and bringing 
into propitious coincidence a vast material and a most favorable conjuncture of 
circumstances for new and fruitful meditation ; the conquests of the Homans, 
extend into one almost all the nations of the known world, and nttmcttn^ 
to the common centre wlialever tliat v o^ld conlaiacd which could minister to 
an unbounded lovu of ostentation and luxury; the Gothic irniption, covering 
the world with ruins from which the germs of knowledge might spring with a 
new and more vigorous life; and the subsequent appearance of the Saracem^ 



• TMs xojHfrc of circumnavtGrfttion, of which Iloro lotus spealis as liavinpf been Tm-lertaken 
»bout the bcgiuiiiug uf tlie aixili century botoro our eni, and ut tbc iusiimco aod direction of 
Necos, King of E^rjpt, bu KiwavH met with warm assert civ and oppngners. To OS tbe «r- 

{fumcuts of the Inner scom to have the most weight, though amongst fl:e forn cr appears th* 
rarncd aud judicioun Ccsiir Cooto, la so disputable a matter, donbtics^, the reader need 
not resign himself blindly to the opinion ofanj one; but, for otir present purpose, it is suf* 
ficient to know, thnt if such a voyago was renMy performed, it led to no results worthy, fmm 
Uieir curiosity or importance, to be Uunaouttod to modem times. As re^ds other accicat 
voyages around An it.fi, there are still strongei: leasons for discredbiii^ them than that at- 
^DQted to the rin'iiuianf. 

tTho reality of the voyage of Pythw, to the west and north of Europe, is grner*ily ad> 
mltlad, but tlic dcsnriptioQs given by him of the laadb and seas hs ▼itltad are regarded as * 
cxnggernud, us tbej am OMrtain]|f ia tatnj points ohseuie^ onn whan wo coaoedd their 
ioiuuktii>u in fact. 
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en<lowo(l \v\ih a Hpeciai culture and heirs of the ancient civilization of the Eaat, 
upon the theatre where modem civilizatioQ was undergoing its deiinito develop- 
meat. Tbin wanes <»f momeatoos eventSt we tepeat, in proportion as it conveyed 
to each people the traditions and impressions of the rest, m it brongbt into 
contact, beneath another climate and vky, under natural conditions esseotially 
diPT' TPrit from tlioso in which they had before lived, tire natives of re<?ionfl most 
widt'Iv remote from one anufhcr. could not lnit prompt iiuman re>ir»nii t<> dij^card 
the trivial ideas which it had cherished and inscntfibly adopt others more in 
harmony with the truth of nature. And this, be it obeerred, without the tntbr> 
▼ention of ancient science, lost or at least foi^tten amidst the convul.'^ions 
which had swept away its cultivators, and solely by ao immediate effect of the 
events winch, at the epoch of regeneration referred to, constantly modified the 
state of societies. 

The incursions of the northern hordes having at last ceased, the present 
oatkinallties began to take shape ; and if the systematic cultivation of the id- 
cnces was not yet to be expected, at least a delight in their study began ta 

dawn. Nor did eventual circumpt.mrrs, and such as might have appeare<l ex- 
traneoiiP, censf> to Plimidate tin- taste IVir voyages nnd di -c<ivrrir«. Am tim 
occupation nt' the south and wf?«t of Kurope by their w^ailike prtdectrft'ors 
opposed nil insuperable barrier to the progress, in iliat direction, of the Scandi- 
navians or Normans who brought up the rear of the Asiatic migration, thesis 
established themselves pennanently on the shores of the Baltic, and fiom thence, 
impelled by their roving and hardy genius, explored the northern i:'landa and 
continents, the archijirlan'oo?' of Shetland and Feme, Iceland, and, in the tenth 
and two succeeding cenlurit^?', ilic inhospitable coasts of Cln enland, and those, 
8ome.\vhat more fertile, of Yiueland, the present Labrador. * Meanwhih* there 
arises in Asia a formidable empire, whose limits expand with astonishing rapidity 
from the seas of India to the frontiers of Europe, giving rise to the dread of m 
new invasion of destructive races ; yet its service as a counterpoij»e to the Sar/v- 
cnnir poxvrr, iint lf'>:s formidable on another side, is npprrrinteil. and ]>oiitiff8 
and kiti^r? tjciul embiU*8ie.-<, sometimes to jiropitiate the redoubtalil*- ■-uciessors 
of Genghis-Khan, sometimes to solicit help from Tartar and Mogul princes, at 
*timcs simply in sign of admiration and respect. At their return from thttB 
distant scene s, observers like Aecelin, Carpini, Rubmqnis, I^olo, Sotomayor* 
and Clavijo, whether sent as nmb is^adors or led thither by inclination, com- 
municate tlK'ir iniprepfjions and adventnre? without reserve, and awaken in all 



* The following is a rc>rapitulation of tho later discovc'rio,s rofprrj d to in the tpxl. Tbej 
may bo fuUDd nioro particuhirly dcscrU>ed in tbo eif^littvntli book ot'Muhe Brun's Geogmphjf 
and in the xioi&s to tho t'ouitcruth book of Cesur CuutuN L'niversul History. 

About ilio ruiddie of the ninth century Ictltiud was (li.-covcicd, and betore th© end of tho 
century a numerous colony of northnu-n was cslaMislifd in that island. In 9r^, amonj 
oilicr cuiouist>;, one calltnl Eric the Ucd, Laving been bani«bed front Iceland, takes rcluge ia 
Oroenlaod. Biom, son of Eriulph, one of tho cotnpamons of Eric, desirous of joining bia 
father, freip^hteduKhip and dirortod hiseouiHC towards Greenland, but wundeiin^^ fur Konie tinif 
in thotfo Mcus, got a sight of .ntjw coa»ti» other than that whidi lie was seeking. In tbo sams 
•bip with Bioru, Lcif Ericson, eon of Eric tho Bed, set nail from Greenland in the year lOOO^ 
and visitel in sn( i t^-;i>n a sterile, rtKky and snow-r .\ i-red coast, (Ilelluland : ) another 
level, hoar with frobt and well wooded, (M^rkland;) ivud a third, which aboondod in vme% 
(Vtnoland.) Tborwold and Thorstein, brothers of Leif, proMcutcd, with no sncceftsful rasuli, 
the < .\;i!oratit»n of tliose lauds, oa dM orlc: • if tl:i> MiitH> race. And thoup;h couuicri a ami 
communication between Iceland, Orcinlund and the uurto last mentioned, continued for a 
eousiderablo length of time, they underwent many alternations, m\t\ proved of no real Inv 
portani'e to j^eojrruphy. Ju«fir'uifj fioin the <lt'scription.s given, os well the landi^ as of the 
celestial phonomeua which were ubsicrvcd, Marklaod «eeuis to correspond to ^iova i5cott% 
and Vinclaod to tbo region abont Cape Cod, aa ftkr south as latitude 4K. If the doeommfs 
pnb!i>!ir-'l by the Society of Northern Aiiti(|U,ii ic-. iimy rv'-.v*] i>u — atul i; i-; in f our prdvincO 
to controvert thuui — Columbus made no true discovery ; but bow the Iceiuudlc adventurers 
came to stop midway, and allowed the intrepid Genoese to matcll £rom tbem the don^ 
of a wor'.T, .i )i!icn>irr.rnon riiiiir'ni to r'xplaiiii,aitdt lU OUT opinitfiif moro discisdilable thsB 
otherwise to thoj>c in whose honor it is ciK^ 
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miuds more competent ccnccptions of tho form md size of the earth, and of tk 
diversity of elimates, than conld otherwise have been attained. Thus, bj ncni 

the most indirect, the limits of the world were extended* many ob^^mrc apscei 
of the earth bn)ii<;ht to light, and the minds of men prepared for greater lai 

moro decisive di-^covorio.-*. 

We have now arrived at the first hali' of tho fifteenth century, roriu^di b 
a prosperous kingdom, without near enemies to combat, and possecsed of t 
Titality wliich refuses to confine itself within tho territorial froiiticr ; it d.iiuj 
a wider field, and. enterprises more worthy of the national spiiit. With iLh 
0pirit tho f^oojjraphicJil pr):-ition of Portncral at one nf tho r-xtromitie- uf the an 
cient world, in front of that woi Id w hicli now awaits diticovi'ry, concurs to uuL 
it the point of departure for tho great maritime expeditions of the age. lu 
princes, too, second opportunely the impulse, as wcU by their patrobs^ U 
science and its cnltiTators as by a steady faith and interest in all cnterpri^; 
calciihiif (1 to enhance the name and importance of thoir ronntrv. I'ii.]< r tb- 
protection of I'rince Henry, the IMrtugucso n.avigaiors i xphui' and utke |hk^ 
session of the archipelagoes of Azores, Madeira, and (Jape Verde, and double 
Oapo Bojador, so long the terminus of the African coast, thus penetratbg into 
the rast Gnlf of Quinea. Still later, in 148G, Bartholomew Dias reaches iht 
Southernmost extremity of Afilc i. to wlilch he gives the name of the Cape </ 
S/orm^-, a name soon chan{:jed hy IvinLr .John II into the moro projnfiou* od»- 
of GouU Hope; and, finally, Vu^cu (h (iama, passing, in 141)7, beyond this iwr- 
midablc promontory, and turning Ihb prow in an opposite direction to that fi 
the supposed Phenician navigators of a remote age, points ont to his adventi- 
rons cotemporaricB the maritime rente to India and China, immenae r^ioni 
till then only known through vnncne and inoxacl tradition. 

It seemed impossible that the ardor of the Portuguese for distant and ha»- 
ardoud exploration could be surpassed by any other country, aiid that st:UiDOi« 
inportant successes were in reserve for a different people. And yet this seemia; 
impossibility was real'z( d in a inanix r t!u> most ^^luiple and ntotural, and witk 
means thn mo;=t I'lnilrd iinaL'inahlc. '1 he t:;oiiiu.i and jiersevcrance of ;in oJiscuw 
and ill-un.hM>tOii(l mariner having' met. thoiiprli at'ter long f^trmrglos, wiiii fup- 
port and countenance in the faith and enthusiasm of a queen, Columbus 
«Dabled to launch his three frail earayels, manned by a handfol of Spanumh, 
npon the broad Atlantic; there, leaving the Portiiguese to contend with th« 
dangers of the African coasts, and disregarding the circuitous and unprofitabk' 
track pnrr»nf>d by the Scnndinavinn adv»»nturer>'. lie dirrctiMl tho conr^o ot" b;? 
Teasels iirst south, and then eonttantiy wei^r, uiiisl lie reached the urebipeljigt' 
of the Antilles, the gate of a new world resplendent with beauty, which seeiaed 
at that moment to ascend from the bosom of the seas. 

Among the multitude of daring navigators who followed Columbus in tli« 
work of western cxphtrntion wc may (li:*t'ni;:ni«h Maga11nnr<5. a Portn^ruf^s^ iu 
the service of Hp.iin, for tlic im])ortanoo of ihr rofsults attcudint; his vultriHi'^ 
•After the discoveries ol' (Jolumbus and Dc Gania, it still reniaiued to be ascft- 
tained what separated, and at how wide an interval, the two continents to vludi 
tlicy had led tho way. There existed, as Balboa had descried, in 1513, tVom 
the Isthmus of Darien, a vast sea, but of its extent no conception had bff'c 
formofl. and yet Magallanes, not more enlightened on this point tlian prfriow 
explorers, proposed to traverse it. Ho sailed from Spain in iSeptembcr, l-il^ 
passed the next year through the difiicult straits which bear his name, aii<l p^^' 
nhed in the Phiupptnc islands, after having overcome the chief difficulty of bi: 
undertaking. His second in command, Klcano, a Biscaviin by birth, and 

resolute than the chief lie had lost, still continued his course westttanl^' 
and finally regained his country in a direction opposite to that by which bo bw 
departed. The sphericity of the earth, already recogni/.ed by n ticctiug oii'*^ 
and gradually revealed by the diacoveriea which hiave been here briefly i** 
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' traced, was now tor the finit time pnctically shown ; to die rude mariner, as to 
the astronomer, the limitaium of our globe m all directions, and its isolation in 
space, were from this date evident ; and to the abstract but little diffused 
nirthods of geometry was now added a new monns for forming un idea of th« 
dimensions of the earth. Elcaiio, in ellcct, tliough encountered by many uuex* 
pectcd obstacles* had performed, in little more than three years and three 
mouths, a complete voyage of circumnavigation. 

From the -memorabhr epoch referred to, geographical discoveries have suc- 
ceeded one nnotln'r with ^rrTitcr i:i[>!(lity thfin ever, tlif ruitli been exjdoied 
iu all directions, the \vi<l;U of the sean ealcul;it<'il, and the ,-uitace of the eouti- 
nentd measured ; but all these labors, however v ast their importance, have been 
those of detail, and have added no new idea lo the reaults of the bold naviga- 
tion performed in the fifteenth and banning of the sixteenth centuries, as 
epects the geuenil form and approximate dimensions of the planet we inhabit. 
To these last dates must be ! • f. i rofl, if not the fir!«t clear conception, ihw definitive • 
verification of the nenrly «!pii(.iical ligure of the eat tlj. 

Looking back, however, it must be conceded that neither the voyages of 
Colttmbos nor Hagal lanes were absolutely ncccseary for the dmonstratton of / 

^the spherical figure of the earth, since this fact ini^lit L ive been deduced with ' 
sufficient clearner^s from geographical princi| It -" alic uly verified; from the de- 
lusion indulged by ovcr^*" nation that its own territory w.i^ cetitnii, a?« regarded 
the rest of the earth ; from the general and chang«.Mble aspect of the heaveusi 
upon every change of country ; from the apparent sphericity of the sun, audi 
especially that of the moon, still more conspicuous through tlie succession of i(a| 
phases, and from the circular outline of the eartli's shadow during the, eclipses 
of the lunar plmet. liut nil tbe.-e itidications of the limitation and roundness 
of tlif" eartli, li iwt vcr C')ii( lii-i\c tor refiecting and studious minds, would have 
curried no conviction to the g<!uerality of mankind, without the iucouiestablo 
support of those other proofs which might be called material or tangible. With 
what obstacles did Columbus meet bcibre finding himself intrusted with three 
frail vessel^ — how much incredulity in all countries, even to the ext< nt of being 
charged with madness — and for what? ('ohiinhn.- paid; "The I'ortugueso 
seek the gold and spices of In^lia by steering towards the ea.«t ; and 1, who 
cherish the persuasion that the earth is round, propose to trace a more expe- 
ditions route by reaching the same point in an opposite direction." Had there 
been many who at that time held the doctrine of the earth's sphericity* no one 
would have treated so logical and obviou.4 a thought as extravagant ; nor would 
Columbus have been indebted to the noble instinct of a woman for the snccrsa- 
ful issue of his enu rjuise if modern society hud inherite<l from the anci( iit that 
vast store of science aitributed to the Utter, in^lcad of having to rear from the 
very foundation the edifice of its own knowledge. 

What has been just said in i-egard to the form of our globe may, with even 
more propriety, be asserted of its movement of rotation. We shall admil, 
without discu-i.^ion, that among the Indians, the Chine.^c, tie- ('haldeans, there 
might possibly be a few who recognized and maintained tlii; reality of this 
movement; that the satut; might be true of ancient Kgypt, and that certain 
Greek philosophers, especially of the 8ch<{oi of Pythagoras, also taught at a 
later* period the same truth. To explain the alternation of day and night two 
hypotlicscs were feasible, and there was nothing to fui ldd men of special talent 
adopting the more ratirinal one; but wa-^ the mr; it ot ('openi'eiT:^, tlierefore, less 
in having: reproduced the right idea about the niiiMle of tln' «ixl< eiilh crnlury ? 
How many years must atil^ elapse, how many angry and deplorable discussiona 
ensue before the ideas of Copernicus became firmly established even among 
men of science and systematic cultivation. On the niher hand, did the Greek 
philosophers, who admitted the rotation of the earth, build their doctrine on ths 

* difficulty of reconciling in any other manner the phenomena of the heavens, or 
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was it maintained rather in the epirit of the school, by v.-h'ch. same Fpirit they 
might have boon inducffl to support the direct con tmry It is ccrt.iin ihnt 
llipparchu?^, Piolcmy, Euclid, and Archimedes, eminent minds and touuderfl 
of true aritruuomy, of geometry, and of mechanics, more versed certaiuly in 
obeeryatioa aad calculation tban ia tbe fsubtleties of metaphysics, denied tbo 
movement of the earth, and for many ages strengthened the opposite helief 
with their imposing authority. Hence this belief w;i^ llio prevailing one when 
Copernicus appeared in the world to overthrow it, at tli<- epoch oi f;reat geo- 
grap]»ical ditscuvt^rics, as if the Creator had designed that after the form and 
distinct features of our planet were unveiled* its lellUious of analogy with the 
rest of the unirerse should also be disclosed. 

Cojx niicus was. not only a cout»ummate methematician, a skilfiil observer, 
capable of deducing great results wiih rude mihI iiu flieient instruments, bnt he 
was likowi-^e, a?* w<' ar*» u.«.«ured by his biojjraplier, (.'/.ynnki, a man of profound 
piety, full of faith in the wisdom of the Creator, and penetrated with the sim- 
plicity of his works. With these elements of character the astronomer of 
Thorn studied the movements of the celtotial bodies, perceived their ineztrica 
ble coin; Hc ation upon the principles then received, the infinity of occult agen* 
cics and of fori ( > d'stinet iu direction and intensity, which must concur in the . 
operatiou lo curry all the heavenly bodies around the earth wiihnut vnrying 
their relative distances, or alteriup; in the minute.--t paiiieuUr the harmony of 
the creation, and instead of confining himself to baymg, with the sage King of 
Castile, "it is strange that this should be so," resolutely pronounces, "this 
cannot be so.*' 



• To show that we pxag-p^rato nothin^r in thus expressing ourselves, \vc shall here ivfrnr<», 
with all t)ossil>U- brevity, the tlitTertut opiiiious of tfie Gifcek philosophers on the form ul iha 
earth unci its siintiitou iu space, making use for that purpose of tbe work by G. Lewia, enti- 
tled, An Historical Surrey of the Aittronomy of the Ancients. 

Tbales of ^Iiletii!<, who H(»uri8he<l between (xtO and 54G}-esrH before our era, likened tbe earth 
loa bark tlouUiig in u limitless cH-cun. 

According tu ^Vaaximander, liki^wi^o of Miletus, and disciple of TbaiM, the earth was Cylin- 
drical, and ut enpied the centre of the created universe. 

Anaximouc.H, a disciple of the furniiM", assignrd to tbo sun the form -of a thin disk, and to 
(he earth thtit of u trape^tiutn euistained in the air, and the .«iame opinion WM entertaiiMd by 
Anaxagoras of Clnzon:cnc, likcwirio a ^hiliKiopher uf the Ionic school. 

Xenophanes of Ct»lophon, founder ol the Elcatic srhuul, supposed the earth to be illimita- 
•blo ami supported iu the abymi ou imiuovublo fuundatiuus. Pamieitides and Kiiii>cdocle«» 
dissenlin;^ from thi^ opinion of Xenophan^, pronounced, perhaps before any one, the doctricM 
of the sphericity of the earth and of \ih inolution in Rpocc. 

Tbe cusnucai opiiiiviM of tbe Pytbafforoaos, as stated by Philolaas, a disciple uf the great 
master, were those: in the centre of tm; iinlTorae there exists annass <»f fire, the snul of tht 
tDorld, around which revolve in ii circle t. !i l»odic,s iu the followiug order: tirst and most dis- 
tant, the heavcnH witb tbe fixed stars; next the five planets; tbeu the sau, the tuouu, tht 
earth, and fiuully the Awlkhtkon, a mysterions ciince{)tion. which, indulfrontly interpreted, 
would Hcem to sljfuify the terrestriril hemisphere o])posito to that inhabited by ourselves. Tho 
basis of this systeui. one of tho nio^t judicioim lte<jueuthed us by antiquity, was purely men- 
tal, or the oflr>ij>rin^ of an InTentien govenicd by mystical abstraetiotis ttnd vague axioms nv 
B]^ 'Clirijj ilic \ i; Jnes of nnuibers. T(» (support it, instead of having t< i .in >^' t ^ l iic o' -* i\ .uioa 
of natural phenomena, it was assumed, tor tustauce, as a [irinriple, thtU tiic, bcni ..- • t a more 
exalted or worthy natiire than earth, must by ri^htoccu|\v tii placo of greatest «i;>'iiity, and 
that In any scries of difTercnt bo l'c- that |il n »• ifnist ( o: : . -i.'iii'l either uith'iiie centre or tho 
extremes. Truiu thiji reasoning the reader may form au e^timutu uf tbo system of Pbiiulaus, * 
a system, however, which not all the Pythagorean* leceivecl without restiictien and mod)fiea> 
tion, for while 'fKnc. a*? Ilirrr-is, llcruclides nnl r.i)';)finiitn^, u'.tiihutcd to the earth amove- 
meutof rotation from west to cast, others, and umuug them perhaps Pythagoras bimseil', 
whose orifnnal ideas have not been trMismittcd to us, thought the earth iauooTable in tbe 

niid^t nf'tlio tinivpr-n. 

Lcucippus aud ].>cinocritus, both of the Atomic sect, maintaiued, towards the middle of 
tbe htth centnry, like the Ionic philosophers, that the earth was a plane disk tnunorable in 
space and supported by the air. 

It was iu tliu early half of tbe fourth century before Christ that astronomy, based on tbe 
'ohienratiou of the oelastlal pbenommay began to flooriah among the Greeks. At that time 
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The great truth .auaoimced by Copernicus, the basis of ozisting astronomy, 
enooantered at 'the time more oppoaeots than partisans ; nor wao it possible that, 
in defect of good iiidtrnmeats and delicate observations, he coold corroborate 

by incootestible facta the surprising revelations of his iutcllect; he could but 
consign to after ngo^» the confirmation ofliis thfory. In vnin did 'rvidio Bi ilm, 
contrary to what might have beoii < xp. ctt il tVoiji his i)rotouud knowitdgo of 
celestial phenomena, impugn in the natnu of science, and that so late us tho 
close of the sixteenth century, tho astronomical system of Copernicus; in vain, 
at the commonc( nieitt of the seventeenth, was it sought, in the name of more 
sacred but ill understood interests, to convert into a stumbling block ths- public 
bi^licf in tho movement of the earth: the truth wrou;rlit its' own way, and from 
Galileo onward, for every advcrMry there were hundnMlHi who r^uffninod it. 
At present there is no longer any didcus>;>iou about it; lie who controverts it 
is regarded as irrational, and meets in universal indifference tho reproof of his 
stolid incrednlity. 

II/ 

If the knowlcd^re, whether ct rtuin or pre^nraptive, of tho ancient philoso- 
phers and mathematicians respecting the rounduosH and rotation of the earth, 
cannot be consider^ as the origin or basis of the ideas at present received on 
both those points, but merely as a remote antecedent completely foi^otten at the 
revival of the discussion in modern time?, the i>anui thing nearly may be predi- 
cated of tho rosoaroho'' undertaken to find the valiio ol'tlic radius of the earth's 
circumference. The analogy, it is true, \a not entire ly exact, for in thofo latter 
reseai'ches two things are to be distinguished : the meiliod or principle on which 
they are founded, and the results finally obtained. The first as devised, two or 
three centuries before our era, by Eratosthenes and Posldonius, both of the school 
of Alexandria, is the j<ame with thjt employed in onr own time, as is t?hown in 
our Annual for 1862 ; the results of the method, whether from the imperfeo* 



lived Kudoxua of Untdus, a disciple of Pluto, usually resident at Cizycum ut the cutrance of 
the Euxine^ and one of the in<^t distinguished among the learned of hi« tintis in the field, 

both of theory uud pmcticc. To t splain the nppeuiauccs of tho heavens, on (he liv jn>[h( 
of tho repose of the earih, KuUoxu» comcived the tli.st idoi of crystulliiit; spheres with axes 
in difTercnt directions, and also with ditTi rent niovemcnts. New facts httvinij l)e«^n discovered, 
Citlippiiis, a riisriplo of Kudoxus, in pluee of 'il, :i'liiiitt(Ml :>.; lu res, ji nuinber wlili h Aiis- 
totlo luund it iiritesj^ary to raise to fi'j. The.Ho f^pbtrcrt, tjujipostd at pleasure aud byiuboUoJ 
of as ninny in.'$o1ul)Ie Ilitlicultioii in tiio ( oHmicul Bystcm followed by these aavants, become 
cstapli.shiul priuciples in tho uiilxis ot' tlic iihi:''-.rj,lu i s wlio had iuiHf^Ined tllCIDt uh nviII aS 
in those of their uiHciplcH, and coufteipK ulty t»!»t(iineii unrjuc-siioned I'unency in the world, 

Arijitotlo, takinp: up anew and analyzing the idoas of his prcderessors, and fejectiRfralnioflt 
all of them, a proof of th<ii tnadamental ini|iiarii* ability, adiniltrrl, liowevor: Jst. That flm 
• earth is spherical, b<'c-au.<;u auvli '\n the appuuiii lurui of all the iinuauieutal bodies; sueh also 
the form which u body, as a drop of water for instance, assumes when left to the free gravi* 
tation of it" pirMilc^ ; and such ilic form of (lie frirth's shnf^>^v In rclipses ff tlir moon. 
2d. That tbi' diUMfUsions of the ciuh cannot be extended in au iiult liiiite plane, .seeing that 
withcveiy <:hiin<<:e of place thvu' is a change also in the anpei't and number of the vwible 
stars; and o«lly. That it cannot bo movable in space, since its hypothetical mobilifv meets 
with no relh;ftion in tho constant position of other bodies of tho universe. The system of 
Aristotle, bu'^ed on the ob.^ervations and conjectnves of Eadoxiu and bis discipleti, was that 
adopted by Eucli«l, Aichimedes, Hipparchus and Ptolemy. 

A generation ai cr Euclid, who entilleil one of his theorems "Thu carih tho centre of tho 
uaivenie,'* and while tlio opinions of Aristotle and his followers were in the hichest favor, 
thnre wa * afonniduble protest ag:aiust thorn advanced by Aristarchus of »Samo.H, who llouri.-hed 
in the earlier half of the third century before our era, and who was one of tlio most distin- 
gu shed luminaries of his a<?e. ATistarchiis exploded all the spheres of Eudoxus and Aris- 
totle, set the earth afjain at liberty, assi^ed to the sun an*! stars their true poBUuni. nne] Taid, 
in a word, the busis of the Copernican system; btit in opposition to Aristarchus appeared 
Archimedes, on behiilf ot science, and Cloanthes. chief of tho stoic sect, in defe nce of the 
faith and religious preposi^e^stons of the ago, and the happy conception of the fage of Samoa 
remained smik in obliviou, or passed into iho calegoiy ot dreams, until, in tlie pvocess of time, 
it revived with new ^talitj and brighter evidence in ihe mind of the roclose of Tbom. 
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tion of instruments, the want of precision on tlie part of otisemn, or from 
having reached as in bbacnro expressions or in uuiu va^u ly uadcntoodi have 

been of no service to modern ^comi^tcrsJ. Five of* these fiu.il ri .■'uh>« are cited 
by Bailly in his Ilistory of Ancient Aritronomy, and these, doubtless, are aut ail 
that might have been cited ; it is suiHuieut to compare thorn with one aaolher, 
to perceive Itow little guarantee of exactness either of them affords a priori, or 
withoat sabseqnent corraboradon. According to Aristotle, the opinions received 
in his tinw .is-ii^'iii d 400,000 stadia as the circumference of the earth; Ptolemy 
adopti'il isD.oiiO; l>atodtheu('S and Po^idonittS roi^pectively 2.'>0,000 and 
240,000; Cleomedus 300,000. The learned historian above meniiomd cxijI lins 
these cuormous discrepancies, which could not have rcsuUcd fiuui the iguuiauuc 
or dnllness of the observers, in a sofficienily natural manner, by assigning a 
different value in each case to the stadium; assuming, as the state of kuoul- 
edge at his time respecting ancient measures seemed to indicate, four kiudfl oi 
It.'ulia, npproximately of 100, 136, 170 and 230, metres eacii, lie arrive?* at the 
toiiclusiou tint Those rc.iulu, no discordant in ajiiicarance, are in tin- main idrii- 
tic^il, aiiJ noL ivuiote from those obtained by modern iavcstigatiou. iiul iiaiiiy 
himself, one of the most enthusiastic defenders of ancient science, agrees with 
us in thinking that the geodesic labors of the astronomers but little anterior to 
his own epoch, as well a-s those of his cotcmporaries, were conducted in complete 
ind('pendfMice of the investigations of T*-iti'»to n'^ci^ and without refcrenco to a 
coiucidcuce <*f numbers. Leav ing to liiuijclt. llieivtbns the r<'^*po!1-ilM!ily (it' liis 
ideas, which wc shall neither attempt to deicnd nui couiraveuc, <Ukd Jud^iug 
this to bo no occasion for reporting the earnest arguments addoced by highly 
respectable authors both for and against his views, let us concede, not to anti- 
quity in general, but to a part of its philosopher, a knowledge, however loosely 
approximate, of the dimensions of the earth ; and with this coneej^jion, let us 
jjass to an expuaiii<>n of the ()d> sic labors of times nearer our own and of 
more authentic character, ihuugh not all marked by ou undoubted biump of 
exactness.* 

Towards the year 830 of our era, the Arabian astronomers measured, by 
order of the wise Caliph Almamou, an arc of the meridian in the plain of Siud- 
giar, near the roasts of the Red Sea; but the re.anlt of thi^ o]r"rati<)ji m id* but 
little approach to the truth, or was cither confusedly cxpressejl at tlrst or Uaa 
been corrupted in the transmission. ' 

In the jear 1490, as Martin dc Navarette relates in his compendious History 
of the Spanish Marine, our learned countryman Antonio de Nebrija, determined 
by various measurements and observations the qutuitity of a terrestrial degree, 
and obUiine l a ?iTim!)er more near the truth than tliose hefore dedne'^l. Siih.-e- 
quently, (.ilareans, in Switzerland, and Oroncio !• ineo, in France, underiook and 
accomplished a labor analogous to that of Nebrija ; and the same thing, wuh 
oven better success, was effected hy the French physician Fcmel. who founded 
his estimate on the number of revolutions made by the wheel of a carriage 
i;i its transit from Paris to Amiens, cities situated under nearly the same me- 
ridian. f 

In i(jl7, the Dutch astronomer Schnell revived liie uh thud uf Hial*>&lbeiies, 
and applied it, with better means and more accuracy lhau had yet been observed, 
III * — — — — — _ — . 

•The readei' who uuvy dcsiro to know the slight or (3cfit:» ut roumiaii.ju>t mi which n»i iLe 
eOfljectores of the uutliors who nmiutaia the profound astrooomical scionee uf thi' lUKieotS 
may consult the trfrt'^n of 8r. Vasqucz Queipo, euiillcJ, K»say on the Mitrir end M<m^r§ 
8y»Um$ of AncicuS iWitions, toino 1, pn. (>."i, (io, uud note 10, currespuuu.u^ ihi ii'to. 

t Upon the ]>iiiiits licre treated of, and uth( r analogous ouos not lett^ descrvin;; t«> bit known, 
the readt-r wiil tiud critical noticrs of pr- at in tlif r!i>cMiir:sf.» r< t ■ tin prKcrn y-! of 

geodi^y, ri'^d by tSr. Souvudra Mcnciics, ai the bv^gmuujg ui iiiu ptuaeu; ^ear, uu lus rece|»- 
uon iaio tbe Academy of Sdemoos. 
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to the moasurcmcDt of the ai-c of 1° 11' 30" comprised between Alkiu var ami 
Bergtm-op-Zoom ; bat the result of his nndertakingt oalcaUted and discussed 
by MuiMihcmbrock, did not see the light nntil a later period* when others had 

been obtained of the; same kind with higher pretensions to certainty. 

In likf manner with ISehneH, Norwood d«*terrained, in 1G35. the dinerfneo of 
latituilc li. tucpn York and L'iii(l)ij, cqnal to 2^ 28', by tin* diffi'ronce ot tht al- 
titude of lilt; !;Uii b awcen iheir respective LorlzonB at iht; period of the gol- 
Btiees ; and afterwards measuring ^he distance between those cities, he arrived at a 
▼aloation, too great however, of the length of a degree of the meridian; making 
it 57,44:2 toides, or about 111,955 metres. 

For it-i novelty, if nothiny^ olso, th re nliould be mentioned iu connexion 
with the j>rtc(!ding attem[)ta thu method jnopo-^ed by Maurolico, iit that epoch 
of measuremcuts, to determine the terrestrial radius. Asaumlug ihe uu^uestioa- 
able fact that the extension or breadth of land which, seen from the searshoie» 
or in the interior of a nearly level eonntry, depends at once on the height at 
which the spectator is stationed, and on the curvature or radius of the earth, 
Maurolico thought that by mr'a^iirinsr the hei<!;"hr of a m tuntain no ir the sea 
and the route traced without chutjge of direction by a bark uuiil it dibuppeara 
below the liorizou, the value of the radius sought might be deduced, without 
reference to any astronomical observation. This process, put in practice at a 
later period, wiih som • variations, and only by way of trial, has led to ft result 
greater than might have been expected, bciiii^ complicated with some causes oi 
error and it n certainty ; we do not know that the solution of the problem was 
ever aUempied in the lifetime of its author. 

Another idea, ingenious like all proceeding 1 rom the same source, occuned to 
Kepler, and fticcioli undertook to realise it, although in practice, from the im- 
peifection of instruments among other considerations, it could not but lead to 
a result very distant from the trtto one. The idea eunsi-tH in mea-^uring upon 
any priven surt'at-p of ground ihe }j^ieate?3t lineal distaiu-c p )ssiljl('. and then C4il- 
culatuig the angles of the two respective verticaU with the ctmimon line of 
vision coroprisod between the extremes of the baue. It requiret} but a slight 
•notion of geometry to comprehend how delicate was the operation which Bie- 
eioli took charge of, and how little reliance could be placed on results deduoed 
from such a proc";^s 

The^^e fliff 'r.'nt^'btim lie-! — for they merit no other iiarn*^— towards ascertaining 
the magnitude of the earth, were but the prelude to other more exact processed, 
and show the necessity that was felt, but 200 years ago, of obtaining a pre- 
cise knowledge of the dimensions of our planet, as well as the oblivion into 
which the labors of ' i|uityhad fallen or the small importance attached to 
them. In pn'ofoftliis, lii nf» remember that at the end of the liftetnth century and 
bt'irionin^ tit' till' U' xr. ( 'oluinhus shaped hi? courfo towards ihe unknown «horea 
of India and Magallanes tniced his atlvctiturous progress across the Pacific, 
npou the delusive supposition that the earth was of much less siao than it really 
18; and that, in the midst of the 'seventeenth century, Newton himself, in 
whom the highest genius was not at variance with extensive erudition and a 
Bound ju'lLrm rnt, fonml himself under the necessity of sn.^pcndiui,' hi^ re-<earchcs 
respecting th ■ nHMproc l1! y attractivr acii-Ki of the earth and lIi - ni > ui, in cnn- 
Bcqueucc of want of an approximate valaatioa for tlie radnis of our globe. 
So pressing did the necessity referred to appear, that when the Academy of 
Science; of Paris was uistitutcd, in 1G6G, one of its first acts was to commit to 
Picard, a di.^tinguished member of that learned assembly, the mea:^nr«^ment of 
a new arc of th'' m *rif|i?in ; a work which this astronomor eomj^ltned bi't'ore the 
en'l of 1670, hy ilic metliol ulopfd by Eratosthenes and Pon^doniu^. ari well 
as by Schnell aud Norwood, but which was executed with so much accuracy 
in the details ais to f<Mrm an epoch in the annals of astronomy and geodesy. 
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Between Villejiiif and JiiTim, Pieard measnred a base of 5.663 toisea, audi 

by in ' i 1 f (ivi: trianprles, resting on that line, deduced a distanee from Haieil 
to 5l,ilvi)iri:i equal, in ilie nn'n^ j:Ht citpd. to r>2S97. Tliis liuc, much qreater 
thrill iiist, aoTvcd him now lor a l» i.-c to connect Malvoifsiu wiili Sour- 
dou, near Amiens, by a chaia ot trijiu^le^* ia the direction of the meridian. 
The arc comprised ijetwcen the two last pointa waa 1^ 11' 57", and the dis- 
tanee deduced from the triangulation and projected on the meridian waa 68.430 
toi.<»e8 ; whence there re:*ult<'d lor the value of a terrestrial degree the uumber 
670G4. 8till later, Picard extend ' I tlu; operations to Amiens, and the dopee 
then stood reduced to 57.057 toi^jea; or, taking a middle term, to 61.060; 
a result which, asi«uming the sphericity of the globe, implied a& the length of 
ike earth's radios 3,269,300 onits of the above name.* 

Although in thia memorable operation, on which we have dwelt somewbat* 
as bcinp: tli ' first among tho.ic really worthy of confidence. l*icard displayed 
great talent an ! activity, the result obtained waa closely approxini Ue: to tii<' 
truth only through a singular combination of errors; siuce, as appeiucd iu the 
sequel, there was a very considerable one in the value of the first baae> nor 
was that which existed in the (puntity of the arc insignificant; two dfcua- 
stances which, as they afi'cct* d tin; re.sult in oppo.iito directions, were nrutral- 
ized as rei^arded tlio opfrufion itself, but were afterwards ihc source <»f nnuii 
extraneous contusion and of fcng and warm discuesions : a ead proof that im- 
perfection, under some disguise or other, lurks in all the works of man ; and 
that, without doing injustice to tho memory or merits of the learned, we should 
never blindly surrender our belief to their authority. 

The rot.ntinn of tlio cartli being by this time a fict received withnnt eontra- 
diction iu tlie hcieuiilic world, of necessity soon drew with it its natural conse- 
quences : thus, the ideas of the less weight of bodies at the equator than in 
die neighborhood of the poles from the efiect of the centrifngal force opposed 
to gravitation, and of the- compression of the globe in the direction of tbc axis 
of movement, had begun to take root iu all retlecting and unprejudiced minds, 
wlien an nb?frvation, in some degree unexpected, gave confirmation to this 
view nf the question. The academician Richer, haviug been soul to Guiaua, 
in 1672, for scientific purposes of different kinds, returned to his country the 
following year, and among other results of bis expedition presented to tho 
Academy an observation which* though incident^illy made, proved to be most 
important of all : the astronomical pendnliirn wiiich, at Paris, gave an oscilla- 
tion of one second, was fnnnd to move more slowly in Guiana, to the extent 
of making in a day S8 o^ciUaiious fewer than at the former point. This indi* 
cated an Snergy of gravitation at the equator inferior to that in high northera 
latitudes, tho existence of the centrifugal force due to the rotaiy movement of 



• The toisc spoken of is that of France, containing: G.3D l')0 feet, w htchckkic* fifom tlio time 
of Charleniu^nc, uuJ is said to Imvo orif^iuatcJ with tho Anibs. For in;inv cctituriiy* 
Standard of thi.s nnit of nifasurc was little known, and from lime to timo untlerwent iimdifi- 
cations, the r<^sults of i<^iiornnce or carelessness more than of fraud, until in IGG:^ a ncn- i>De 
was prepared aud deposited in a secure pfacc, in ordor to servo m a tvoe for all of Its kioJ ; 
it wiw to this .standard thtit PicarJ aud tho gcom*«t«!n» wlio succeoiled nun referred thoir ceo- 
desic ojK>rations. A century nftcrwurds the iion rule which was iidnp r 1 for tlio standuru of 
moasiureoiont of tdsonoioetfical baae« in Poro, abo a toise in length, but better constructed 
than tho toiae of PicapPfl tiitao and in a better state of prpsenratiou than the latter, was, st 
tho bugjjcslion of Condumine, declared to he flie Ir^nl tniit. at u l( Miperutnre of ilF Ilcairajur, 
or IG^ veutigiadc, that havino^ bctu its medium temperature during the opeiatious near 
the equator. Tho sabsequcnt Tabors of Doiamhre and Mecbain servra to fix the loofth at 
the new lineal unit, or, ia other words, of tho metre, whii h, at the tnnprnitnrr of ' I-t, in 
!inet<. 4 l'<//Jl>, thus ostobfuihing between tho metro luid the toiso the ratio of I to J.*J4iA*.>LMl. 
i his 1 l^t iinmW'hasboen emplojeil as factor in the roraainder of this article, whilo it bu 
Ik ( n t li')ii-lit proper to convert the ancient nnils into Uio modem, or more nsnal of tho dod* 
mal metric it^stoui. 
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the ettrtb, and the great probability of the cUipticityof the globe. Bat as tbe 
Ideas of attraction and of central and centrifugal forces had not as yet become 
ftmiliarized, and aa the phenomenon discovered by Richer might pioeeed from 

an unknown cause, the Academy suHpcn*!* '! its judi^mi iit iijkm! consequences 
dednciblo from that phciiomenon, imiil new and n jicalcd ubdcrvations should 
conhrm or di.-^pmve them. The couliruiatioa wa:* not long deferred, for llalley, 
repeating four yean after in St. Helena the same experiments which Bieher 
hiul made, obtained an identical result* and the fact haa snbBcqnentlj been real- 
ized in all the regions of tlio earth aa well as Upon the high sei-^. 

Wc m;iv t ike thU opc.imou to remark that in the study of nuturr* ihcro arc 
problems whose solution, after rcdidtiug for ages all the forces} of man, ^eems at 
somo determinate epoeh to become practicable in a hundred different ways ; such 
a problem* undonbtedly* was that which now occupies us. In the sixteenth 
century Copernicus, Galileo, and ulio-tcx vcr thought as they did respecting the 
movoni'^nt of the erirth, were regarded with scorn or aversion; in the middle 
of I Ik- scvcnrt i iifli. tlic ronnduess and rotation of the globe are admitted without 
difficulty ; in iG7U I'lcard determines by a eatisfactory process the value of 
the earth's radius ; two yeoxs later, the observations of Bichar show that tho 
form of the globe differs sensibly from the spherical; about thesame time, Caa> 
sini, by ineans of the trl -cnpe. iiorcrlvc?? attd measures the remarkable oblate* 
ness of .Tupitpr, thn^; supjdyitig i'rom anaioj^y a weighty n i.-on lor admitting 
without other proof that of the earth ; whUe iluyghcns and Newton, preceding 
and directing, aa it were* the methods of obsenration, deduce the same result 
by process of reasoning, cstabli.-^h the extreme limits within which its numeri- 
cal expression must be comprised, and ascend to tlie c.inse from which it pro- 
ceeds. Honorable epoch for the human intellect in whic h snrh capital discov- 
eries rapidly succeed one another ! With the songs of triumph, however, soon 
minglo the notes of discord, and for somo years the problem of the figure of 
the earth remains stationary and proves to be beset with unexpected difficult 
ties. 

The Academy of Paris, stimulated hy the prompt and apparently fsatijjfac- 
tory termination of the nieasurenieuL <d tin; tejTe^^trial degree by Picard, con- 
ceived the idea of prolonging the opeiutious instituted by thai .'-avaut from one 
extremity of France to the other, or, more precisely, from Amiens to Perpig- 
nan ; a bold enterprise for that epoch, which the inteilieent activity of Domin- 
ico Cassini realized in the latter part of the century. But when Cassini, the 
operatton^^ and calculations being concluded, compared with one another the 
values of the 7 ^ of the meridian measured, he observed with surprise that their 
length continually dimhiished from south to north, as [f the curvature of the 
earth increased towards the poles, or its radius diminished ; or, in other tenns» 
OS if the compression of the globe coiTesponded to the equatorial region, contrary 
to all that wa-? then conjectured or deduced from theory ; n cnnsequence which 
tlie same ar^tr uioiner still arrived at after having prolonged t iu- French niei idian 
north from Amiens to Dunkirk, at the cud of the year 1713. A conllict thus . 
became unavoidable and imminent. On the one band, the authority of Newton 
interposed itself; on the other, that, ecarccly less weighty, of the French geom* 
f'U'r--, as well !\^ the national pride of tiie latter; an(f a.s between the extremes 
in Uiscn.-siun there could bo no possible compromise, the f^cientihc wmld was 
divided into two parties;* all that had been done or deiluccd to determine the 
true figure of the earth was brought before the tribunal of opinion, from the 
principle of the universal attraction of matter to the ability of the obserA crs who 
had oUiciated in the measurement of the arc of the meridian. After much time 
had been lost in barren and heated discussions, the French Academy of Sciences, 
at the suggestion of Maupertuis and Bouguer, two of the most distinj:;aijsihcd 
savants of their age, adopted the only fca&iblc plan for setting the (question 
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finally at t<M. Willi diisTiV:;w, two dd ega tione. corapowd cbieflv of xnembcvi 

of tb^: Acvkaij, a:i'l provi^led wiiL the most delicate inainimeni* for ob*c:ririii» 
ihcTi knovi-n, wfre. patch fd, one Towards the equator, the oilier to a lii^ 
iiortlj^'ri I i:itiuif.s for the purp^i>e of meiv^aring one or more de^rws? of the 
BterMiUii, from the c^/mparlsoti of vhieh Beaauremeott, if effiM::ted wiiii accorac^, 
inij^t readiljr be dedueed the direetioa of the temetmi eompreasm and its 
valu^% or the amoant of divergt-ncc from a <>pherical form. 

M^lapf-rtrJi^ him**.lf, a-.-i-tod by Clairaut, Le Mr-nrVr. Q-xmn^. Ooihier, and 
th'; Sw ? -fi n ♦r'm'^ifnc'r O Uias, und'-rtook th-- ^ xohd oi the ujk : a'r^^r:? r^- 
fi;rred i-t, |;;0' ^» <jwjg to Lapland ia 173G, as far m the 7G' of latiiudt-; aua 
«ltbon;rh it mi^bt hare seemed that the rigon ol the climate would preser-) ob- 
atacleH little leij« than insuperable* he had the ^ood fortune to tefminate bi^ an- 
d'.'rtakin;^ in rfcarc ly more than two month?. The triangnlati .n rxtendeJ fr m 
the mouritai'i of Kittr- at the iKrth to th** rbtircVi of Toiti- a at the poath ; the 
baj«e, of 7.407 toi.-<'«, waa m^^asured upon the troiieii river in^ariug ihc hitter name, 
uitder ooodittoas of exactnesii icareeljr to be attained in any other climate ; the 
quantity of the arc mcamired was 57' 29", and the feaolting value of the de> 
pri <- <if the iDoridiaii equal to 57.438 toiBeSt or 378 moro than the d< Lrn e of 
Ti ir i, m tvonld hf nnrnrally the ease on the aappoeition of the eaith'a being 
flattened towards the poles. 

The other commi.'^f iofi destined for the equator, and composed of Godin, La 
Oondamino and Bonder, had sailed a year earlier, or in 1735, and by order of 
the 8]Mnifl]i government was joined at Quito by D. Jorge Joan and D. Anto- 
nio de L'lloa, both worthy, from their zeal and intelligence, to co-operate with 
the Frcneli (h>!« p"tf ton. To recite the hardi-liipf to which iIk^so dii^'iti^rni hr^ 
men were Hubji cled during the eight years occupied in their pres*cri bed ia.<k, 
the dinappoiDtmeuta which they encountered, the deficiencies to be remedied, 
the nrecantions to he taken, and the sagacity and skill of which they made pnx^ 
would bo t)e8ido oor pret^ent purpose. 8amoe it to say, that their mea.^uremeot 
of th^' !ire in P"ru, notwith.-f nuliiiii: ^hn recent progress of practical astronomy, 
ifj Htiil cotiHi<iered an a ma.^terly operation in it^ kind. 

The degree of Peru, of (/G.753 toiaes, compared with that which Picard hod 
measured in the north of France, p<^nted substantially to the same result with that 
ulre4idy obtaintul by the collation of this last with the de^rc* of Lnpland ; that 

to May, to the polar eorapreBsion of the terrrstrial jjlobi'. To what, then, waa 
it attribsitnhlf t!i:it from th'^ fxnminatinn of the dirtVrciit doi^ree? of the French 
meridian th(!rc requited a diauietrically opposite consequence to the above 1 
From the fact before hinted at, that the first base moasurod by Picard labored 
under a considerable error, compensated, indeed, as regarded the final result by 
other errors of quite i distinct kind which were committed in the course of the 
<»j>( r.i*ionn, and which by n rare cncttrrence of eircnm^t.'mce'j oponUrd in an 
oj)poi^ite dir(!ctir>n to thn preceding. U'illiout distrustiiij:: its exactues?, C'a>:^itii 
al.Ho took that lii rit line for the base of a triangulatioti much more cxtc^^aive and 
important than that of Picard, and hence arose those incidental anomaliet 
wlilcli invdlvnl (he learned in so much confusion, wntil the illustrious 1. > C iille 
di' i:i< d iVoiii wlint poTtrc" that inrompn lu-nsible difficulty emanated. U'lio b;i<o 
in (jUcHtion having been rectified by s^uccc-sive admea.'^urements in 1740-1754, 
and ihc calculations corrected, the capital discrepancy, which till that date 
bad intcrfcitHl with the variou.s geodesic results, disappeared. 

In stating that the contradiction disappeared, we would only be nndentood 
to >»:iy fli.it, after the epoch juiit referred to, there Avas a unanimous concur- 
renc«« in the fact of the dcJV-'-tive pphericity of the earth and l]ic flattrnin': nf 
*'•* poh's ; ivgaixl.'* the definite value of this, and the ^.^conictiic [i/UM to 

icli our globe most nearly approaches, neither did such unanimity thwu, nor, 
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ta cnxT TCgrett does it still prevail ; perhaps, indeed, the conditions of tUu proV* ^ 
lem forbid that it should ever do so. ' 

F'rom the values of the degree measured in Lapland and of the mean degree 
of r'rancc, there wns deduced, as the expression of the terrestrial oblatcness the 
fraction jj^* ^^'J'i*^^'' means that, representing the equatorial radius by n leiigiU ' .^ 

ot* lo2 units of any kind, the polar raJiu6 wouhl be 131 of the tame. A coui- W 
p:vrisoQ of the de^e of Peru with the- French gave for the value of this ine- / 
c|Tiiility the number j^-; that of the extreme oegrcea of Peru and Lapland 
a I G » ^^'l'''' - .'it'cordiii*^ to Newton, theory as.-ij^noil to (liiri <|u.ui(ity the value 
■■ Vo- Thii> it waa that, in a point so di liiate and inu reeling, it still seemed 
tl lilicult to know upou what to rely, notwithstanding the diligence and aoliciiudo 
applied to the solution of the question in all its hearings. 

Xt might have seemed that here were contradictions enough ; but in propor- 
tion as other values of a degree of the meridian were determined, as by liosco- 
vich between Home and Uimini in 1754. by Beccaria iti Piedmont in 17G2, by 
LiesgHuig in Hungary and Austria in 17G8, by Mason and Dixon in America, 
about the same period, and by La Caillc near the Cape of Good Hope, new ir- 
regularities or anomalies were constantly encountered, incomprehensible npon 
any one principle, or inexplicable by tlic adoption of any regular and unique 
type, however complicated, n-? tlie fi;j::iire <if tin' c irilj. The confu.-^ion ^row to 
such an extent that every one felt impelled to iuvesi i^^atc i s origin; and while 
some ascribed it to the physical conditions of the globe, admitting uoassimilatioa 
of its form to any geometrical type, others imputed it to a defect of the iustru- ' 
ments, others to the occji^ional oscitancy of the observers, and others again to 
errors of calculation. There was a little of all the.^e. The calculations were 
revi.scd and considerable errors detected, in the degree of Lapland among 
otlicrs ; the ob:*ervations were discussed, and were found not to be worthy of 
unrestricted contideuce ; the condition of tho instruments was examined and 
was not foun4 to be unimpeachable ; in fine, since Bougucr ^at suspected it 
in bis expedition to Peru until now, there have been encountered, in the local 
attraction:* of mount lin^ 'iid in the dilTerence of thickne?? and of material in the 
crust of the <%irth, nuuicroii-> ean«es of perturbation in tho direction of the ver- 
tical — that is to say, of the livbt line of reference; which causes must neccssa- 
ii\y exert an injurious influence on the final results of the observations. To 
whatever attributable, the fact remains, that till n^ar the end of the last cen* 
tury the uncertainty resp? rting the value of the terrestrial flattening was com- 
plete. Wh'-n we shall have liiii^'hed the recital of jj:eod( .-ic operation.-* conducted 
subsequently to those already mentioned, we shall see whether or not the same 
doubt exists at this advanced stage of the present century. 

The idea of establishing a system of weights and measures whose fondamea- 
tal unit, instead of being arbitrary, should present a simple relation to some im- 
portant cii mrnt of tlie same kind derived from the physical world, induct d tho 
republican government of France to (•rder in 1792 a new measurement oi the 
terrestrial globe. The operations instituted by Picard and continued by tho 
Gassinis, Maraldi and La Caille, on account of the imperfection of the instru- 
monts employed and the errors and doubts involved, were deemed insufficient 
for the purpo-f ; and Del irnhrc and "^fcch lin a-?uTn'Nl the colossal task of re- 
newing them tVoin the begintung and e implr tiag them accordincr to various cri- 
t<.'rions. Delambre cxliibited his science and tJiJent iu the measurement of tho 
French meridian from Dunkirk to Perpignan, and Mechain iu the prolongation 
of this lino through Catalonia to the coasts of Yalcncia. The labors of these 
two celebrated geometers having ix < n concluded in 1799, tho value of the 
earth's polar compression wa'. wi:li the concurreticc of an apsemblagc of 
savant:^ <d" diiri rrnt eountric-', corniait'd at and u|)on thi- (-(laiMntation the 
length of the i/ieUCf tho baso of ihu uow syslem of weights» aud mca»urc'S; ^vm 
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taken as the ten milliontli pirt of ono quarter of the moriflian jn^t mpaftired-* 
In 1803 Mcchaiu p issed anew into Sp iiu with the inteatiou of prolonging the 
arc of the m^riJiau to the BUcaric idlaudd ; but bein^ placed in detention in 
the fortress of Montjuich, in consequence of the ill understanding thep snbslst- 
ing bctw<;oLi hi;? own government and ouri«, he took the occasion in r( ctify his 
former calculations and ob.-jcrvations, and from tlie mortification wliich be ex- 
pont'ncf 1 at ohr^crving certain di^crcpniu'lc", fell into a ftate of dejection, and 
after iiavfiig Urn previously act at liberty, died at Ca.stellou dc la IMana in the 
year 1S05. During the two following years, Biot and Arago, a.*5isted by* the 
Spaniards Ghaix and llodrigucz> not less worthy of participating in this work 
than Don Jorge Juan and Ulloa in that of Pent, carried the operation to the 
issue contemplated by the too serupulou:* Mechain. 

The liritisli triangulation was inin;it»Ml in 1781 under the diiectinn of General 
Roy, With the twofold object of pcrfccLiag the geogranhical chart of the United 
Kingdom, and at the same time prolonging towards tne north the measurement 
of a terrestrial meridian.' After being snspendt^ in 1788, these labors were 
resumed in 1793 under the supervision of W. Mudge, who extended the geodesic 
8yi*t(;m to the extreme confiiK-r* of Scotland, and flediiccd. ifs the value of the 
earth's compres.-^ion, the IVu tiou t^J^, being identical wi:li that obtained in 
I'Vance; yet the Spaniard Rodriguez soon after demonstrated that in the course 
uf the liritish operations frequent and, to a certain extent, inexplicable anoma- 
lies were distinguishable. 

After t h(^ preceding measurements the following are the principal ones in the 
order of their d itej^ : 

That of the arc of Laj)l and in 1801, undertaken with a. view of verifying 
and extending the work of I^Iaupertius. 

That effected in India* in 1802, 1803, by Colonel Lambton, from which then 
resulted at first a flattening of ^ ^ j, which Bodrigues, in repeating the calcula- 
tions, reduced to tr^y. The sauK' Lambton inaugurated another vast operation 
whieli, continued by Captain I^vrrcst, cniluaced an actual arc of more than 21^» 
from Cape Comorin to Kaliana, north of Delhi. 

That of ricdmont, 18:^1 to IS23, conducted by the Italian astronomers 
Carlini and Plana. 

That of the meridian of Dorpat, begun in 1817 and 1831 by Tenner and W. 
Struvc, and which up to this time prolonged north and south from the froseo 
coast of Norway to the mouths of the Danube, comprises an arc of mors 
Uian 25\ 

Those of Hanover and Denmark, accomplished by Gauss and Schumacher, 
It the same date with the Piedmontese triangulation. 

The Prussian, corresponding to the meridian of Koningsberg, which, under 
the Buporintendencc of Ik'.'^-el and Bayer, exhibits a model in labors of tluf 

nature, and wliich it will be diili'^ nlt fnr any future ones to excel. 

Besides the~e important triangulatious, t-iill anotlier (l(\-;crvfs notice, wliici 
was effected by Macloar in the extreme south of Atnca, with the object of 



* Tbo onlculfttions requireil to fix the length of tbo metre were executed by Swinden ontbe 
part of Hoi'.itul, Tm'l( s of Switzcrlntid. Luplato and l.Pirfmlrf of rranet". nnd Ciacar of 
Spain. Dehuiibre «ho\vetl, lun long afterwiird!*. ihat. as weil ni ibe ^eiectiou and a&aljsif 
M tbo elements of tbo cuUulatioa as in the taicu; it ion itself, not all tbo circumi^pectioudeiir* 
able bad been observed; a jmlsfment wblcb nnulo|!^ou.s works, effected in tl;r comso of the 
pitiijeut century, bavo luily contirmed. 'i Le diffcixnrc between tbo legal and ibo tbeoretie 
metre — a diffisronco which will never be peri'ectly known — is, bowcver, very amall, and abete 
but littlt' or not n? all tbo ineiit of !ln' <!eeiuial moti-ic system, wiili li pos-sesses, in oiber 
resiK.cis, tiie inoai miquestionable aUvunta^s over other oyHtenm now iu use Still it if 
well to know tbat between ibe metre and tbo quarter of the meridian there doSS ttOt exist tlie 
einiplo rtv.-HKiii wliich wu>i at UrKt riuppo-'otl, tluii unit baving b«en radncsd to a eoatentMBtl 
type, m is also the case with all othcis of its kind. 

Oa thit Milyaetnay bttcoMoltod the Tnaadod§ Mdtonl^gim Auti^ y Mfimmm^furB, 
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deciding whether the curvature of the two terrestrial hemiBpheres should bft 
regarded as iJ» ntic;il or distinct. At the end of tho las^t century, as has been 
bt forc iutiinatLd, La Gallic liad lniag|>orted himself iVom France to thr Cape of 
Good Hope, in the design of co-operating in the soluiiou uf various aistruiiumicol 
problems which in Uiat remote coimtry seemed <o call for an intelligent ob- 
st^rver, and liaviiig there executed the measurementof aBmallarc of the meridian, ' 
h« obtained for the irregularity of the globe a much smaller value than any of 
t!ip aTialoo-ous ones deduced in Enrojio and America. How was this anomailouti 
Tiiiiih to be explained ? In one of two manuers: either by attributing it to a 
real defeet of symmetry in the form of the earth, or to an error, not easily to 
be avoided, in the operations of La OuUe ; but as the first was contradictory 
of the received theory and opposed to many facts well aacertaiued by other 
observers, and in* the f^r-cntul was scarcely admissible in view of tlic recoj^nized 
tilent, industry ami con^cicutioUHnoHH of the French savant, no ouv knew which 
alternative to adopt. l^vere.-<l, ou bii:^ return iVom India, inspected the lociiiity 
where La Gaille had operated, and at sight of the mountains which surround 
ii concluded that the distinguished astronomer might easily have deceived him- 
self, or neglected ct-rtain precautions Avitliout which no geodesic labt^r can really 
ufibrd n sufficient guarantee of certainty. Maclcar, with due rigard to the 
indicatiouiit of Evercct, undertook iu 1637 uu operation analogous to that pre- 
viously executed by La Gaille, though on a larger scale and with better material 
resources ; and the result now confirmed the previsions of the theory, or the 
identity of form of both terrestrial hemispheres. 

Nor has it been only in a direction from north to south that astronomers and 
geometers have essayed to estimate the dim* iir^iun:^ of the earth. When a com- 
parison of the first results obtained in thg proceedings directed to that object 
Bad revved, not only the defective sphericity of our globe, but the irregnlari> 
ties or accidents whidi interrupt its presumed cllipticity, whether from one pole 
to the opposite, or even in passing from ' iie meridian to another not far distant, 
the attempt was also made to measure one or more arcs of paralM, That by 
ibis meuus, as by the former, and still better by a combination ot butii, a know- 
ledge of the form and volume of the earth might be obtained, is readily con- 
ceived; and when it i.< considered that this new operation is even more Plicate 
and troublesome than the other, the reader will scarcely wonder that till a quite 
recent epoch the number of arcs of parallel measured bore no proportion to the ' 
arcs of meridian. The Franco-Spanish commission, ch.irged with measuring an 
arc of the latter sort in Peru, proposed also to dctermiac the value oi a degi^ee 
of parallel, which in those regions Would have been a degree of the equator, 
but a diflSerence of views as to the execution, added to the diilicultics of the 
enterprise, led to a relinqnishment of the project before it had begun to be 
ciirried into efiect. At tln' name epoch, 17o4 to 1740, the Ca: >inis. Maraldi 
and La Callle measured iu France two arcs of parallel, one in the latitude of 
Paris, the other across Provence; and still later Lambton undertook in India a 
work of the same kind; but th* se first essays led to no definite result, and 
B rvcd only to show nt once the ntility of the undertaking and the diiiiculties 
wliicli its adequate acconiplislnneut would present. TIk? mcartiinineiit of a 
great arc of parallel, stretching .from the neighborhood of Bordeaux to I'adua, 
or fnm. the ocean to the Adriatic, over an extent of 13^ and. at a latitude of 
45^ 43', was commenced in 1811 under the direction of Colonel Brosseau, and 
continued in 1820 across upper Italy by Carlini, Plana and other astronomers 
and geometers of Italy, France and Switzerland. Beside? this operation, which 
forms an epoch in the annals of geodesy, there must also be mcintioned the 
measurement of another arc upon the parallel of Paris, from Brest to Strasburg, 
executed between 1818 and 1893, by the French functionaries Bonne and 
llcnry ; another completed from Greenwich to Valentia in the west of Ireland, 
by Professor Airy ; and a third commenced in 1857 by W. titruvc, in 52^ of 
21 s 
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iatititdet designed to connect with the last, and thus embrace^ an are of about 
70** total lcii},'fh, from oni* extremity of Europe to ilie other. 

It would he impossible, without over8tcppiii<^ the limits which di-:creUoQ pre- 
Bcribea» to eany fardier tbia entimenitioii of geodenc labors already aoeoni- 
pliBhed* or in conite of execution, or projected for early realization. Tbe earth 
* would be seen to be covered with an immense net- work of triangles, wbose 
m»'?he8 interlace more and more every day, bo as to leave to truth tbusearue>>tlv 
K<»nj;ht less and le?8 cliiuice of tiuully evading detection. In this work of t^ ) 
UiAiiy ages, where, more perhaps than iu any other, man has displayed the 
talent and irresistible energy with which he b endowed, Spain is to-daj taldng 
an active and honorable part. The summits of onr mountains, although cou* 
Btantly visited by distinguished military functionaries, resound not now with 
the orliof'^ n tr nrc "aefn clotlu^d with the smoke of battle. They gerve nnt 
watch-towers oi war, but an blations for geodesic signals, true symbols of peace 
and of culture. 

But, as is opportunely asked, in order to dispel tbe donbt, bj one of the most 
estimable inteUects of our conntiy,* To what end do so many measurementi 

of tbe globe conduce ? What practical result is expected from ?nch laborious 
and per?ev<*r!ti^ attempt** ? Of results to be rtpprr-ciated by tlw material and 
tangible intercssts involved, perhaps none; but duet* science propose for its ex- 
clusive object the satisfaction of man's primary necessities ? Hunger and thirst 
appeased, is tberc^ indeed, nothing beyond f Wretched would be the science 
which wotdd shnt itself up within such narrow limits, which should Testriet the 
soul to the care of its frail tenement, and seek in the necret? of nature no trace 
of itf Creator, which should refuse to lift itself from the ahject to th<' «'h vatoi 
from the slough of earth to the etherial region.-) of infinity. Aud t ikiug for 
granted that there is nothing fortuitous in the untFersc, and that the earth, instead 
of being spherical, is elliptical, or of a more complicated form, does not science 
fulfil its appropriate task when it iuTCStigatcs the true figure of this little globe i 
of onr?, not for the simple ploasure of kn-n iTi j- it, but with the further piirpo?e j 
of dij5CUi»i?ing the reas^ou of that form, il.-^ origin, the changes expcnVnced. the 
perturbations by which it may have been afiectcd, the intiuence it exerts or the 
ronctiou it fulfils in the admirable oo-ordination of the created whole 1 If sll 
this is not' worth the trouble of iuvestigstiou, to what other mystery of the physi- , 
taX world should man, in preference, consecrate his studies f | 

III. 

i 

Having mentioned the principal «:Podes»ic operations which hnvr, at difTerent 
times, been eflVcted in diflVrent countries, to determine the form of the earth, 
it rcmams only to indicate the manner in which the partial results deduced from 
those operations hare heea combined, in order to obtain the final result, whkh 
is, ^t present, regarded as most approximate to the existing reali^. Three 
distinct mode;* have been successively adopted for arriving at the proposed end. 

As the result of inexact ohscrvationf. and an incomplete theory, it was fir^t 
nf"*»inied that the earth'rf ii;!;ure was perfectly spherical. The labors ot' Picard, 
and of the French geometers, who immediately followed him, concluaively 
demonstrate the fallacy of this supposition ; since, in contradiction of such sa 
hypothesis, very different terrestrial radii were found to result from the several 
degrees of meridian measured, and within limits too wide to admit of the infa- 
enco tliat tlio^ie differences were, Collectively, attributable to errors of obaerv*' 
tion, or mit^t^akes in calculation. 

The laws even then recognized, of the universal attraction of matter, the 
oapect of certain planets, such as Jupiter, which exhibit a flattening towiods 



* Sr. VaaqiMM Qmlpo: Dlaquiaitioa on thsOisoonissof Seilot Bssf^dm Mmmsm, Mtis 
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dietr poles, or the extremities of the axis of roCation, and an induction founded 

on well-proved facts, showing that the terraqueous globe existed, at some very 
remote period, in a stite of perfect fluidity, furnished !»iiffici<»nt grounds for con- 
cluding that the earth, instead of being spherical, would naturally pretsent an 
elliptical figure, or one slightly depressed in the direction of the polar axis. 
This being conoeiyed, it lenudned simply to deduce from goodesiMl operatioiia 
the value of the depie88i<m» or, what amounts to the same thing, the leution of 
the two axes of the generating ellipsoid, !\9 woll as the definite dimension? of 
those axes, for all which it had, in strictness, sufficed to measure two small 
arcs of meridiim in widely separated latitudes— K)ne, for instance, uear the equBr 
tor, the other in Bome inliabitable region near^t to either pole ; nor, on the 
eboTo enpposition, would it ha\ ( been of eoneeqnencc whether thoee arcs eof- 
recpondcd to Ihe same or to diflVrent meridians, while auy intermediate arc, 
which might be mea?ured, wonM «orvc for the verification of the former, as well 
as of the law of ellipticity, aaaumed as a poiut of departure. When the results 
of the scientific expeditions to Peru and Lapland were known, and were com- 
pared in the proposed view with those obtained in France, and for the first tiuMi 
the values of the'oblateness of the earth and of the equatorial and polar axes 
were deduced, it was obfervcd, not witliont sisrprise, that between the final de- 
ductions drawn, with the aid of s^o much experience, and with the theoreticid 
ideas generated by those laborious investigations, there did not exist all the 
conformity which had been hoped for. The discordance, however, was at onoe 
attributed, not so much to the deifeet of the theory, as to the errors, to a certain 
extent inevitable, which had been committed in the course of the operations, or 
to local imMrnlaritio? in the purface of the earth ; but, as time advanced, and 
instruments were improved, while the obstacles already overcome served as 
useful indications to succeeding observers, the conviction was acquired, either 
that the form of the earth was not so simple and regular as was at first sup- 
posed, or, more probably, that the heterogeneity of its mass, and the inequality^ 
of the thickness of it? crust, actinj:: r^" disturbing: causes, embarrassed the labors 
of geodesy, and opposed their icdi finite advancement. Certain it ip, at any rate, 
that at the close of the last century, as has been already intimated, great inde- 
cision prevailed as to the real value of the earth's ellipticity, and that, but for 
the resort to an ingenious mode of eluding the difficulty, the same doubt would 
have prevailed on this point to the present day. A single citation will prove 
the trutlj of what has been just said. The Rnppian general, Schubert, a dis- 
tinguished mathematician and astronomer, collated, in a memoir publbhed at 
8t Petersburg in 1859,'*' the elements of the eight principal arcs of meridian 
yet known, Ming the Bussian uc, measured by Hansteen, Sclander, Struve^ 
and Tenner; the Prussian, the English, and the French arcs; the arc measured 
in Pennsylvania by l^fnpon and Dixon; that in Peru, by the Franco- Spanish 
commission; that in India, by Lnmbton and Everest; and that nieapured at 
the Cape of Good Hope by Maclcar. By combining these eight area, two by 
two, in all possible manners, the Russian savant deduced, for the elements 
of die terrestrial ellipsoid, twenty-eight different results, between limits much 
wider, doubtless, than the reader would imagine. Limiting ourfclve?, for 
example, to the polar compression, the twenty-eight valuations just cited 
^oup themselves in ih'iA manner : Three are higher than the fraction ; four 
are higher than and lower than the preceding fraction ; nine are comprised 
hetween the last and 3 ^ ^ ; seven between that and ; three between j and 
j}^ ; and two, finally, being those corresponding to the combinations of the 
Hu?«»ian with the Prussian arc, and of the arc of the Cape with that of I'ennj^yl- 
vania, arc lower than the fraction Supposing even that there were good 

and sufficient reasons for subtracliug from the extreme values, it will still bo 



• £M d^wu DtttnmuHtm it Is Fmt&iUFigundtlm Tm. 




Digitized by Google 



324 



FIQUBB OF THE EABTH. 



seen from this slight aaalyais of Schubert's work that there is a wide field £ot 

the exercise of donbt. 

If it be conceflcd that the spherical figure of the earth is not admissible, and 
the elliptical appears as little accordant with the moat probable results of obaer- 
Tation, what other geometrieal type will fepreseoW better than these two, or 
more approximately than the second, the general form of our globe 1 None, m 
fact ; for neither the more complicated figure, wbkb Boujxiier imagined, nor the 
idea of prpar ttinf' tlic axis of Fjmraotry from the polar axis, suggested by KlU- 
gel, couceptiont?, both of tbcm, \Ybicli the theory of the attraction and primeval 
fluidity of the earth excludes, aro found to be exempt from the grave incon- 
▼eniencos which oppose themsdves to the adoption or the second supposition. 
Of this truth Schubert himself supplies ns with a good proof. In his memoir 
above cited, after analyzing the diverg^ences, with reference to llic form of the 
earth, according to the elements from which that form is deduced, and investi- 
gating the cnngps from which m ^rreat a discordance might proceed, he concluded 
by maintaiuing that the earth resembles, not so much an ellipsoid of revolution, 
as an ellipsoid of three axes, or, what is the same thing, that the meridians m 
to be regarded as unequal elliij-'es, and the equator and parallels as also d 
lipses, and not as circles, as had, till that date, been believed. But the same 
astronomer, who seems so well persuaded of this consequence from hh fir?t in- 
vcfttigatioris? in April. 1859, affirms, in Jauuary, 1861,* that, setting a.-ide the 
arc of India, he dot!S not hud, in the rest of the geodesic operations, any gi ouud^ 
for doubting that the terrestrial globe is an ellipsoid of revolntlon, compressed 
in the dircctir)ii of the poles* What does this change of opinion, this vacillation, 
in a man of Schubert's merit prove, if not tlmt this last figure represents that 
of the earth, as far as a geometrical abstraction can represent the forma, fall of 
hfe and harmonious adaptability, of natural objects ? 

But, aduiiiiing the elliptical t'orm, it still remains to determine its constitatiTe 
dements, and its dimensions ; and, with this Tiew, what is the combination of 
ares of meridian which should be pieferrcd to the rest, whether for the precision 
with which tho=e arcs have been measnred, the merit of the geometers to whom 
the operation.-; were intrusted, or the t'avorabh; circumstances of time and terri- 
tory ia which they were executed i No single combination whatever: First. 
Because all that astronomers of merited reputation and conscientiousness profess 
to liaTe done should be considered to be well done, or, at least, to be comparable 
with what other astronomers, endowed with the f^ame qnalities, are capable of 
realizinf:^. uiulrr the jn-nahy of introducing into the science a principle of endlcss 
confusion. Secondly. Because the ditlcreuccs which occur in the elements of 
the terrestrial ellipsoid, taken by separate combinations of aies of meridian, indi- 
cate, not so much a defect in the operations, or a fault in the observer:?, as a real 
irregalarity in the form of the earth, or the existence of distnrbing causes, such 
as the local attraction of monntuns, and even those, scarcely avoidable in prse* 
tice, which proceed from the unequal den.'^ity and thickness of a plane surface. 
And thirdly. Becaupo if, in all strictness, the form which we peek does not co- 
incide with the preconceived figure, the interests of truth will alway.s vindicate 
their claim to recognition, if not by an apparent simplicity, at any rate by uihei 
more fertile qualities than pertain to anjtheoiy, however simple and sednctive. 
In order, then, to deduce the geometrical figure of the earth the proper course 
would seem to be to take into view all the partial measurements which have 
bceu made, or sm li, at !< ast, as are dii^tinguiahed by some notable circumstance, 
as the place to which they correspond, the extent they embrace, or the accuracy 
which has marked their execution, rejecting, of course, all which mauiie.>t cjie- 
lessness on the part of the obsenrers, or defect in the instroments which they 
have been oUiged to employ ; and, assuming that Uie ellipsoid of icvolation is, 
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in theory, and to a certain point aho by experiment, the hypotlietical fii^iro 
most conformable to reality, the final problem, one of pure mathematical analyais, 
and not certainly exempt from difficulties, wUl conaist in finding, by a colIatioQ 
of the ralnes of the Beveral arcs of meridian and parallel already measured^ 
or hereafter to he measured, the cunrature and dimensions of the ellipsoid of 
the above ppecies, -which, without exactly sati^^fying one or two gfodesical 
operations, reprcr^cnti* the re-^ults of all with the clo:i(*st po-sibhj approximation. 
Xn thi^ diiHcuit labor the Gcrmaus, Walbeck uud iSchuiidt, by combiuLug, rc- 
•peetiTely, six and seven degrees of meridian, Bessel ten, Aiiy fonrteen of 
meridian and four of parallel, and, finally, the Bnglishman, Colonel H. James* 
eight arcs of the former kind, which aflfordcd the greatest apisnrancc of cxact- 
nesB, arrived indepeudenliy at results closely coinciding with one another, each 
of which might »ervo, in the absence of the test, for a definite solution of the 
problem with which we are occnpied. In the first of the two following tables, 
taken, though not entire, nor in the form here presented, from the Annual 
(Jahrbneh) of the Observatory of Berlin, for 1852, are shown the principal 
Talue? «»ivcn by the above mathematicians, to«:;ether with the elements of the 
ellipsoid, which served for the eaLabliuhmcnt of tho decimal metric system, in 
the calculation of which, was before said, ouiy the results obtained in Peru, 
France, and Lapland were taken into account, and that, too, before these were 
competently known. In the second table are presented other values, relative* 
likewise to the form and vf)lnme of the onrtli, deduced from the fundamental 
elements of the };lobe, calculated by Besscl, and not less worthy of attention 
than those contained in the former table. The initials employed in both tables 
signify as follows: 

In the first, R and r, the equatorial and pol^ radii ; B, their difference ; C, 
the polar compression of the globe, or the difference of the radii referred to the 
greater; t^, the square of the eccentricity of any meridian ellipse, or, say, the 
difference of the squares of the two principal radii, referred to the square of the 
equatorial radius ; Q and ^, thp values of the equatorial and meridian quadrants; 
and D and df the Tiilnes ot a single denee of the equator and of a mean degree 
of meridian, computed In metres like m1 the preceding wfileh do not express 
abstract relations. 

In the 8ect)nd table the si;^ 9" mark^^ the latitude or distance from the equator 
of the place or poiut to whicli the uumbt rs on the right refer; M expresses the 
value of an are of meridian of a single degree, comprised between the first and 
the corresponding latitudes of the margin ; P, that of a degree of parallel ; R, 
the terrestrial radius or distance of the surface from the centre of the earth 
variable with the latitude; and A, the area in square kilometre.^, comprised be- 
tween two meridians separated by a degree of the equator and two parallels, 
between which intervenes a degree of meridian for different latitudes. 
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Total 
Y«lame 



509,950,715 sqtuire kikMnetnt. 
1,062,841,311,330 cabio kiloiMties. 



From the examioation of the first of the above table:^ it results that, if we 
adhere tathe geodesic operations alone* the number cxpreflaesbyfaowmnelL 
the terrestrial globe differs from the apberical form, and the numbers 6,377 and 
6,358 (kilometcrt?) -ivc the dimensions of the greater aud less or equatorial and! 
polar radii, an appioximation which might, in all probability, be qualified with 
a bi^'lit r degree of exactucss by adopting either the fundament.il elements given 
by licridel, the astronomer of the most enviable reputation of the cutTeut century^ 
or those deduced somewhat later, and, of conrse* from more eopions data by the 
distinguished director of the Obsenratozy of Greenwich, Pio^ssor Ahj, The 
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cxactne?*'. or, at Ica^t, c\o?c npproximntion of the number jj^, i? founfl. raore- 
over, to be contirmod by anotlicr clusii of considerations extraueou."*, in a certain 
d^rcc, to geodes*^', and vcr^- indirectly related to those which served the two 
oefobtated astronomen last mentionea as a baaia and in thdr valnaUe 
labota of cotnbination and analysis. 

It was remarked at the dose of the seoond part of the present article that 
nothinp^ in nature is fortuitous; and it might well have been added tbat not only 
is nothing fortuitous, but there is nothing without a reason for It? hoinjr it if. 
nothing su;iceptible of being essentially modified without communicating an 
impression to other organic parts of the complicated mechanism of the onirene. 
The movement by which the moon is cairica around the earth doea not depend 
exclusively on the intervening distance or the respective masses of the two 
bodied, but on tho distribution of their ma«j*e!< in concentric jrrnnpR or on the 
figure of boili globes. If the earth were Hplj* rical, the movement of it? satel- 
lite would not be that which is always observed ; nor if the discn pancy from 
that simple form had been represented by a fraction differing from would 
til is fact have failed to disdose itself in a degree more or less Bensible in sobk 
of ill accidents wiiich characterize the lunar movement: theory, baaed upon 
the lawrf of uidvorsjd a'traction, law? announced bv Nc^rton and ?o pntraeiou.-^ly 
developed hy Laplace, indicated the orbit which the nionn wnti destined to de- 
scribe on the hypothesis of the polar depression ot our globe being less by 
than the equatgnal radius, and observation promptly confirmed all the condn- 
sions to which the theory had pointed. Few astronomical discoveries refleet 
more honor on the human intellect than tlie valuation of the earth's dliptidtf 
bafed upon the principl("< which have been just cursorily mentioned. 

But it if" not necessary to withdraw our eyes from the ;_'"1o1m' wc inhabit to 
discover oihcr means, besides those which arc strictly geodesical, not only of 
demonstrating the ellipticity of its form, but of verifying the limits within 
which the eccentricitj of that new figure is comprised. Our readers will doubt- 
less readilj infer that the process alluded to consists in the use of tlie pendn- 
lum, whose oscillations are more or less rapid in different parts of the earth, 
by rciison of its form hi-lw^ sensibly and essentially difierent from the spheri- 
cal. When Laplace announced the relation existing between the movement of 
the moon and the oblateness of the earth, Glairault, In a special treatise on the 
subject, had already stated the law of interdependence by which the coDtian* 
ous depression of the globe horn the equator to the poles is associated with 
the variations of gravitation or of the wei'j:ht of bodiop, and consequentlv with 
the oscillatory movement of u pcndulnni on the surface of thatglohf. liy both 
geometers the task of verifying the truth of their theories was bequeathed to 
afiter experiment, and in boUi cases the previsions of mathematical analysis and 
the results of observations long and cai«ftilly repeated have been Ibnnd to be 
perfectly accordant 

In th<' long period which elapsed from the dat-^ -u br n the French acadrmician 
liicher hr-t noticed the retardation of the pendulum in the equatorial zone, 
to that when the Spanish admiral, Malespiua, undertooli his justly celebrated 
voyage of scientific exploration in 1789, the experiments made with the penda- 
lum wore numerous and interesting, in so far as they were directed to the 
< dcmou.'^tration of the ellipticity of the earth and the accidental irregularities 
which di-finp^ni'-li If ; hut iho«e undertaken with a view to dote rmlui* tlje value 
of that ellipticity liave been neither so many nor were tliey bo early as the 
iormer. In 1S2G Bcssel showed the inaccuracy or want of care in the process 
till then followed for dcfdncing from the oscillations or length of a compound 
pendulum* moving in air and at a variable temperature, the corresponding de- 
menti of a simple pendulum, osdllating in a vacuum and in a thennal state of 
absolute invanability ; and, even mnrh latt r, TInmboldt thon^dit tliat < x[)rr!- 
meuts with tha pendulum, comparable in delicacy and precision with the 
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malritude of otlicr, the most common, nstronnmlcal or goodosical operations 
would Hcarcely amount in numbor to sixty. 80 scanty a result should, in ou 
opinion, be attributed to two quite distinct causes. In the comparative expert 
meatfl made with tlie pendnlmn, there 10 sought, in the first place, a difiWeiioe 
length or of numbeni eo small that the least inadvertence in the operation, or u 
dlBtorbiug cause unworthy elsewhere of consideration, will materially influence 
the rcsnlt and impair its exactness. And moreover, even when the observations 
arc conducted throughout with all the requisite accunicy — a thing, we repeat, 
of great diiiiculty — still the theoretic principle of their combination for deducing 
the terreatrial ellipticity supposes that the density of our globe, though Tariable 
■eeofdingtT^ an arbitrary law from the surfaoo to the centre^ continaes identically 
the same in each htyer concentric with the si^perficiul ow, an hypotln ^it wliirh 
departs in nomo degree from the reality of nature, and which on lliat .'ucount 
caaioot lead to results of absolute certainty. Alter these considerations, it will 
not be a matter of smprise that the valaes of the terrestrial ellipticity, deduced from 
experiments made in the present era by Borda first, and afterwards by Diet, 
chiefly at different points of the French meridian, by Kater in England, by the 
navigators Freycinet, Duperry, Sabine, Foster and others, under very tliUcrent 
and distant latitudes, should ttfiisibly vary from one another, and likewise to 
some extent the final number, deduced from the examination of all of them, when 
compared with that which results from the sum of the principal geodesic labors. 
But to what at most does the difference amount ? From the e%)eriment8 made 
with the pendulum, there results as the value of llie earth's^ jmlar compression 
the number -ji^, somewhat greater tlian the friction ^pi^ and h\<.sthan ^r^', the 
difference of these two extreme fractiuus is equui to ir»W » **** cfitierence 
of the results obtained by help of the pendulnm and oy the ordiuaiy processes 
of geodesy will be found to be represented by a nunil)er still less than the last 
Admitting, then, that the valu<! of the equatorial radius is in metres 6,377,397, 
there would remain in the length of the pohir radiut? an uncertainty of 2.3G2; 
and this, it must not be forgotten, on the supposition, really more uuluvorable 
than is warranted, that the doubt respecting me polar compression of the earth 
would present to us aa equally uncertain the two fractions and But 
the relation of the number 2.3G2 to the value of the equatorial or toe polar 
radiu? is lower tb;i!i tliat of" 1 to 1000: tlms in the appreciation of a quantity 
composed of a thousand equal partr^, it would be at last doubted wlu ihcr we 
had coimted uue part more or less than was proper ! Instead of being .surprised 
at the existence of sueh an uncertainty as this, it might well cause astonishmentr 
as Prof. Airy has remarked in reference to this subjeet, tliat man should have 
arrived at a knowledge so precise in a matter so dilHcult and obscure; while 
there is still room for confidence that further advances are in his power, and 
adequate eucouragemcnt to persist in ihe pursuit of the truth. 

Tnat this confidence and encouragement exist is shown by a simple reference 
to the projects of new geodesical operations and ex^riments* suggested by 
some of the mo^it celebrated of cotemporary astronomers. In 1857, for example, 
Biot proposed to the Academy of Sciences of Paris tb i* a new determination 
should bo undertaken, by methods and with instruments moie delicate than 
were before known, of the whole extent of the arc of Peru as well as of the 
various arcs of parallel measured in Europe; that experiments with the pendu* 
lam should be multiplied in those localities where considerable anomahes have 
been noted in the direction of the vertical, or where their existence is suspected, 
with M view to ascertain their cause or cau3e?« ; in a word, ihat no nicaus should 
bo spared of discovering all the accidents ot form and density which distinguish 
the terraqueous globe from the thcoretieal ellipsoid defined by Bessel and the 
mathematicians who, with a degree of precision difficult to surpass, have either 
preceded or followed him in this cntcrpri^ie. The ideas of Blot, dc'iborately 
considered and digested eventually into the coloaeal project of Qiti«Ui>uring a ne 
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arc of meridian extending from Palermo to the parallel of Cristiania and U^al* 
aGro:iS8ca8 ondcoDtinenU prodigiously diversiiied, and intennedlAte to theBlls- 
dan toe in the eut and tbst stretching irom Fonnente» to the Shetland ialea 
in the west of Europe, have been zealoualy bcconded by the Prussian general 
Baeycr, tbc companion of Besael in thegeodcfiic opcrationB of Koenigsberg, and 
distin^iishcd alike for bis knowlcdp:e and experience. In ibe memoir relative to 
iLi.s matter, which be published in Ikrlin in 18GI, Batyer does not aak iLc pru- 
tecliun ot" govermcuts, nor invoke the learned of all countries to unite their 
efforts, for the purpose of ascertaining whether the polar compression of the 
earth is a hundred-thoQSandtb part greater or less than it is believed to be ; be 
holds, on the contrary, that tlsc {geometrical problem is resolved ; but the physi- 
cal and ^'f'ological })n)blem, elosoly associated with the real fi^ire of the g-lo^^s 
he rcj^aida as scarcely yet dcliiicd. The idea of Bncycr, uliich Biot, a:^ we 
have seen, also cherished, and which equally exercises the thoughu of other 
Bavaats, would doubtless be realised, if the local ioflueoces which embanaaa 
and complicate the geodeaical operations, instead of being avoided as heretofore* 
were purposely sought for and measured; if, wherever practicable, the oet-work 
of trianjiles wcro extended around and over the aurtace of seas and of volcanic 
regions, and across the valleys and mountain-chains of more abnormal compo- 
sition; if the instruments for measuring distances and angles were rendered 
comparable in some sort to the balance of the chemist and the goniometer of the 
mineralogist ; i* brief, if, after having defined the external figure of the earth, 
geodesy should penetrate, as it were with the eyes of induction, into the interior 
of the globe, in order to reveal to us the origiu of that fiLrnre, the transforma- 
tions it has experienced, and tlu; stability, whether little or great, which it pos- 
sesses for resisting the destructive assaulis of time. Considered under this new 
aspect, the question presents an eztraordinaiY interest, opens to view an indefi- 
nite and almost unexplored horiaon, and afimrds one proof more of the dose 
intercozmexion which exists aimmg all the natural sciences. Let the project 
of Ilioyor or some analogous one be traji^f rred to tbc field of practice, and the 
iiinctccnih century will have won yet auotiier title to ih4 cooaideratiou of Lite 
ages to come. 
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Tram^ted /or tht Smithsonian Jnstitutum from the works of Francis Arago, lats secretary 

4if tkt FnmA Aeadmg of Sciences^ t(C, 



Iv— THB iNYBNTIOlf OF BALLOONS. 

• 

Man* hj reason of liia wdgbt* and the Mreakness of his muscular powert 
seemed doomed to creep on the surface of the earth, and to have been dbqnali- 
fied for Ftuf] yin^ fho pliy?icnl properties of the higher regions of onr ;itnioc|)!u're, 
exci'pt through ihe tuildome ascent to raountaiii Bummit.-<. But what difficulties 
are there over which genius, united with perseverance, will not eventually tri* 
nmpb t From the most remote times tbe idea of soarinif into the air, fiur above 
all tenestrial objects, by m( ans of macbinea wbicb tbe imagination endowed 
witb properties unfortunately of impossible attainment, has never ceased to oc- 
cupy the human miiirl. Who has not heard of the attompta of I)« '1rilus and 
Icanif*. of the project:^ of Roger Bacon, and of Fathf-rs Lara and Galcu ] But, 
until 1783, it had been granted to no one to realize the dream of bo many ages. 
Josepb'Micbel Montgoliier, who was born in 1740, at Annonay, in tbe depart- 
ment of the Ardeche,,and who died, a member of tbe Academy of Sciences, in 
1810« bad calenlated that through the rare&etion, by means of heat, of the air 
cont.iined in a paper balloon of a certain extent, an asconsional force might bo 
given it sufficent for elevating men, animals, and any dessired instmnieuts. 80 ' 
much confidence had he in his theory that he did not hesitate to undertake, June 
6, 1783, a public and fonnal ezbibition before tbe deputies of tbe provincial 
estates of Vivarais, assembled at Annonay. Montgolfiernas bimself described, in 
the following terms, this first experiment, which forms an cpocb in the history of 
the most important discoveries : "The aerostatic machine was cnn««nictea of 
canvas, lined with paper, and covered by a network of twine attaclu;d to the 
canvas. It was nearly of a epherical form, and of a circumference of 110 feet* , 
(35".73 ;) a frame of wood, 16 feet square, steadied ft on its base. Its capacity 
was about 23,000 cubic feet. It» tberefore» displaced, supposing tbe mean weigbt 
of the air equal to of tbe weigbt of water* a mass of air equivalent to 1,980 
pound?*. (OGD kilogram?.) 

*• The weight of the, gas (heated air) was nearly half that of the air, for it equal- 
led 990 pounds, and the machine, with the frame, weighed 500 pounds. For the 
rupture of equilibrium there remained, therefore, 490 pounds, as was fi>nnd con- 
formable to tne experiment. Tbe different pieces of tbe balloon were fastened 
togetber simply by means of button-holes and buttons. Two men sufficed to 
lift and fill it with ga." , but it required eight to retain it. When released, at a 
given signal, it mounted with au accelerated velocity, thougli Ics.s rapid towards 
the end of the ascension, to tho height of 1,000 toises, (upwards of 6,000 feet.) 
A wind, scarcely perceptible at the surface of the earth, bore it to tbe d^tance 
of 1,800 toises from tbe place of departure. It remained ten minntea in tbe air. 
Tbe loss of gas by tbe button-boles, needle punctures* and other imperfections, 
prevented any longer suspension. Tbe wind was* at tbe time, soutberly 
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witli rain. The balloon descended so liglitly that it broke ueiUicr UiC braacbfiS 
nor frames of the vineyard, on which it tinally rested." 

The ^iiA employed in Una experiment vas nothing bnt air dilated by heat, 
bat its natofe was not stated in the report of the aseension published in the 
Joutnalfl. Without waiting for farther indications, the artist Bobert and the 
physicist Charlc.-^, by moans of a national subscription, wliidi was reaf]i]y ad- 
vanced, constructed, of lutestring coated with ^uni elastic, a balloon lour metcra 
(13.12 foot) in diameter, which they hllcd with hydrogen gas, procured by 
tho action of dilated Bulpbaric acid on iron filings. This balloon ascended from 
the Champ de ICars, August 27, 1783, at five o'clock in the afternoon, in 
preseuco of an immense crowd* and heralded by salvos of cannon. It remained 
but thrce-q^uartcrs of an Jiour in the air, and fell at Gonesse, near Econon. five 
leagues distant from Pari8. Thus was demonstrated the possibility of making 
balloons of vamiiUicd material, nearly impermeable by hydcoj^, the lightest 
of iinown gases, and posaessbg grpat adTantages over the heated~air. Yet this 
means of obtaining very considerable ascensional force with, balloons of limited 
dimensions was not immediatelj adopted, and sundry experiments wrre sac- 
cessiv'ely made with very large aerostata inflated with air heated by a fire of 
ptraw mixed with a little wool. It was with such a balloon, having an oval 
form, a height of 23 meters, a diameter of 15, and a capacity of 2,056 cubic 
meters, that Pilatre de tt e aic ts and d^ Ariandes made the first aprial voyage 
which man JuuLventared to undertake in balloona-whally detached and nnooB> 
fiiied. Ar^cendiug from the Chateau de la Muette, November 21, 1783, they 
trarcr-' (1 i distance of two leagues at an elevation of abo\it 1,000 mrlers, having, 
in their transit, hovered over Paris for 20 or 25 minutes. The 1st of Dcccmbf-r 
following, Charles and Hubert ascended from the Tuilleries in a spherical balloon, 
made of lutestring coated with gum elastic, and having a diameter of only 8.50 
meters, which was inflated wiUi hydrogen. After a passage of about nine 
leagues the ball'on touched the earth at Neslcs, where Kobert left the car, while 
Charles reascendcd and reached an elevation of abcut L'.f^H O meters, alijrhtinsr 
linally two leagues further on, aff^ r having experienced a cold of — 5^, or 4- 
23 Fall., when the thermometer indicated on the ground 4-7^, 44 J Fah. From 
this day dates the demonstration of the practical possibility of balloon voyages — 
▼oyages always adTenturous, but which have become* at a later period, a pastime 
with persons of leisure. I shall not speak here of the attempts which have beea 
made to derive advauta;^e from a«TM-^^T:its in military expeditions, nor of the nu- 
merous eonlrivances to direct iheir course thronj^li tln' air, nor(»l"the unfortunate 
experiment of uniting the action of tire witli the employment of hydrogen, for 
which Pilatre de Roziers atoned with his life, nor of the substitution of iUuau> 
nating gas for hydrogen, a substitution which renders these enterprises less 
costly, but which diminishes the ascensional force of apparatus of a determinate 
dimenpion. I must restrict myself to aeronautic Toy ages, performed with a vleir 
to the advancement of science. 

We must refer to tlui old Academy of Sciences if we would find an account 
of the first voyu^* ^ Ky which science was benefited through 'the emDloymeot 
of baliootts, in whieh hydrogen gas was used as an agent. The expeditions of 
^[M. Blot and Gay Lussac, made in ISO 4, were preceded by the ascensions of 
Kobertson, Lhoest. and Sacliar tff, which yielded sonn* interesting results ; but 
not niit i! :?ftcr n< arly ball" a century were the remarkable voyages' of MM. Barral 
and i»ixiu undertaken, followed shortly afterwards by those of 3Ir. John Welsh. 

It.— BBSBABCHES TO BB MADE IN ABB08TATEC ASCBNSIONS. 

Those who propose to undertake aerial voyages form, in general, no idea of 
tlie number of questions to be resolved* nor of the difficulties to be furmourited 
in order to furnish science with certain elements of discussion. The instru- 
ments requisite for investigattog, as well the temperature as the hydrometrie 
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etatc of the air, tlic phenomena of the ma^etic needle, the proportions of po- 
larized light containod in the light of the atmosphere, the diaphaneity, the 
color more or less blao of the different strata of air, &c., do not exist at all, or 
eke require important modifications before being applied to the research of tho 
laws hj which tho phenomena vary with the height, which is itself not deter* 
mined with entire precision by barometrical observations. For half a century 
many lejirned bodip? — the French Academy of Sciences, that of St. Petersburgh, 
the Briti.-li Association for the advancemf^nt of science, the Academy of Dijou, 
&c. — have directed inquiry ta the mcaud of supplying the defect of which I 
speak, and of famishing oeronants with adequate mstmments of InFestigation* 
Bnt the problem has been by no means considered nnder all its aspects, and is 
very f:xr from having received a complete sohition ; at all events, the Pug^iePtions 
whidi have be'en derived from the voyapren of Blot and (Jay 1 .'i-«ac, and e.-pecially 
from those of Barral and Bixio, ahould be taken into senouii consideration by 
those whose seal shall hereafter prompt them to encounter the porils of sneh en- 
terprises, in the Tiew, pirticnlarly, of reaching the most highly rarefied aerial 
regions, and traversing the atmosphere under its moat variable conditions. The 
principal questions on which the attention of such explorers should be fixed 
are the following : ^ 

I. The law of the decrease of atmospheric temperature with the elevation. 
8. Inflnenee of the solar radiation in the dififorent regions of the atmosphere, 

dednced from obscr\ ations made upon thermometers whose bulbs are coated 

with verj^ di^rrpnt ab.sorbinjr fiub^fMnee^. 

3. Deteimiuation of tlie hygromctric state of the air jn the several atmos- 

Shoric strata, and comparison oi the indications of the psychrometer with the 
ew-point at very low temperatures. 

4. Analysis of the air from different heightf. 

5. Determination of the quantity of carbonie add contained io the higher 

region^^ of the atmosphere. 

6. Examination of the polarization of light by clouds. 

7. Obsenration of i^erent optical phenomena produced by tho cloads. 

8. Obsenration of the diaphaneity, and of the intensity of the bine color of 
different strata of air. 

9. Observation of the declination and inclination of the magnetic needle, and 
of the intensity of magnetism. 

10. Study of the electric state of different atmospheric strata. 

II. Experiments on the transmission and reflection of sound in different 
strata of air in a serene state of the sky, and in a sky containing clouds. 

12. Physiological obt^ervations on tho effecta produced by the rare&ction of 
the air, very low temjieratures, extreme dryness, &c. 

The instmments at the disposal of the voyagers should be the same as those 
which, by my own adviee, and that of my illnstnous colleague, M. Regnault, were 
carried by MM. Barral and Bixio in tnehr expeditions, and which they would 
have continued to use had they been able to make other ascensions, to wit : 

1. Two siphon barometers, graduated on glass, of which the neronniit need 
observe only the upper meniscus, the position of the lower meniscun bein«? given 
by a table constructed afier direct observations made in the laboratory. Each of 
iboBe barometers should be provided with a thermometer divided in centigtade 
degrees, so as to present a scale extending Irom +35^ to — :i9^. It is now 
known that the aeronaut may encounter strata of air bavini; a temperature 
lower than that of the congeation of mercury; lience the ordinary barometer 
will not answer, and an instrument should therefore be furnished, founded 
on Hie pressure exerted by the atmosphere on an elastic spring, and tested at 
Twylow temperatures under feeble pressures obtained by the pnt umatic machine. 

2. A vertical tliermomcter, of arbitrary graduation, the cylindrical reservoir 

of which is placed in the axis of seToral concentric envelopes of bright tin, open^r^ 
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at their bases to admit the circnlntionof air. Thif nrmn^rrrapnt has been devised 
in order to obtain, at least approximately, the temperature which a thermom^ar 
would iudicate in the shade. 

3. Three theimometefs, hftving arbitimiy Bcaks, fttteehed to a metallic pitted 
eentimeteni apart The reservoir of the firat of these thermometers ehoald h«f« 
a vitrc'iii^ surface; the FTirface of the second should be coated with lamp- 
black ; anti tho reservoir of the third should be covered with a cylinder of 
polished silver, which must also envelop a portion of the stem. The reservoirs 
should be narrow cylinders, rnucli elougatea. Immediately below the leaci ' voiia 
the metallic plate should support another plate brightly coated with silver. The 
plate bearing these thermometers should be arranged horizontally on one of the 
sidcB of the car, with a view to its remaiaing coustaatly exposed to ^e solar 
radiation. 

4. A psychrometer formed by two thermeters of an arbitrary scale. 

5. One of Regnaolt's condensing hygromeCen. 

6. Tubes of caustic potash, and also of pamicOf wet with* salphnric acid, for 
the determination of the carbonic acid of the air. The air shoind be drawn in 
by means of a pnmp of the capacity of one litre (1.700 pint) accurately ganged. 

7. Two balloous of one litre capacity, furnished with stop-cocks of steel. f<» 
collecting the air of the bieher regions. These balloons, enclosed in tin toxes, 
should be scmpnlonsly ezbansted of air before the ascent. 

8. A minimum thermoniofcr of M. Walferdin, which should be enclo?ed in a 
tin cylinder, pierced witli holes. It it* boi't tliat this instrument eliouid be placed 
under seal, as was done by MM. Barral and Blxio, since the control of the per- 
sonal observations by means of a mute instmment imparts considerable valve 
when they come to be verified, and affords a triumphant reply to objectioiis 
which, through a natural tendency of the human mind, always oppose themselves 
to results which or^nnot be immediately verified by netr experiment? mndp under 
the same conditions. In the event, moreover, of the ai?cension of the balloon to 
heights where the temperature fallti below ^40S the point of congelation for 
mercniy, it will be necessary to have thermometeia of alcohol or snlphnret of 
carbon, gmdoated below that point of the thermometric scale, so Uiat the obaeP' 
vations may not be intcrrnpted by a circnmstsnce which has ceased to be eon- 
sidered of impossible occurrence. 

9. It is from the considerations just stated, that I would recommend also the 
nse of the apparatus devised by M» Regnault, and intended to indicate the 
minimum of barometric pressure, and consequently the maximum of dIevatioBlo 
which the balloon has attained. This apparatus should be enclosed in a tin case 
pierced with numerous Bmall openings. The lid of this case should be eecnred 
with a geal like the minimum thermometer. 

10. Polariscopic telescopes, such a^ I have described, Astrotumie pomtlaire^ 
ii, p. 101. 

11. Instrnments for showing the declination, inclination, and intensify of 
magneti«m, pu?pcnded in such a manner as not to be affected by the movrmenta 
of rotation of tiie balloon in its ascent, as has be^ observed by MM. Biot, 
Lussac, Barral, and Bixio. 

12. Electrometers so constmeted as to be capable of indicating at oaee the 
kind and the intensity of the electricity of different atmospheric strata. 

It is ecarcelv [^r^)bablc that in an ascension, observers will be able to embrace 
at one time so many ijulijects of study, or use ?uccessivcly and opportnnclv so 
many instruments. The aeronaut should, on each occasion, limit himself to a 
raaili number of imj^rtant inquiries. It is only in a series of aeronautic expe- 
ditions that a collection of records can be made corresponding to the great nnmber 
of qtiestions which the coostitation of the teneetral atmoephAe piMenta Isr 
solution. 
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It IS impossible to frame a programme which will embrace all the [joints 
worthy of examination; we arc constrained to admit that the uulurcdcen will 
always play a principal part in aeronautic expeditiona. We know little at 
present of tne couBtitntion of dondSi of the plmomena of refrigeration prodnoed 
by their evaporation, of the mixture of atrata of air differenuy saturated with 
humidity and derived from very different sources, of the •ictiou of electricity 
which traverses great aerial paces, Sec. In every case it is desirable that, during 
the progress of aerial voyaged, there tahould be made, at least tVoui hour to hour* 
in toe principal terreetrla] obsarratories, obeervationa analogous to those which 
the aeronauts propose to undertake. This was advised in 1841 by a committee 
of the British A.ssoeiation, in a report relative to the advantages which science 
mif^lit <h'riv<' from aorosiatic aHccnpions, a report signed by Brewster, llerschel, 
Lubbock, itobmson, bubiue, Whewell, and Miller, and the advice was observed 
hj MM. Barval and Bixio. who were thns enabled to eonneet the phenomena 
noticed in the higher regions of the air with those which occurred at the some 
time on the snrface of Europe. 

Barometric observations in connexion with those of temperature yielfl, by 
means of a formula which we owe to the genius of Laplace, the measure oi the 
elevation to which balioous ascend above the level of the sea. This formula haa 
been rednced into the usual tables which are found in the Amtmire du huream 
det longitudes. The considerations on which the illustrious geometer founded 
bis lumlvsis led him to employ in hi-5 admirable formula a coefticleiit whoso 
determination Raraond had arrived at by comparing a great number of the 
measurements of the height of mouaiams Uiken with tho barometer with their 
trigonometric measurements. Now» as Rtunond operated chit Hy under the pai^ 
allel of A5°, and upon mountains whose elevation scarct ly n ached 3,000 meters, 
there is nothing to prove that the undetermined coefficient of Laplace's formula 
is sn?»ceptiblf of l>rin<r applied to the measurement of mucli more considerable 
heights, and made ai other latitudes. It would not be superfluous to measure 
directly, by observations made from several astronomical stations situated at 
known distanceSi the heights to which aenmauts attain, and to compare the 
results obtained with the barometric determinations. No doubt these operations 
will pre;^ent nuraerouf difficuhiep, and may be not unfrequc ntly tried without 
succesi^, btcause the balloons may disappear in the clouds or be carried in 
directions which will not permit the terrejiUirtl telescopes to I'ollow them with 
any advantage. But the problem to which I here call attention merits by its 
importance the sacrifices which may be encountered in giving it a satis&ctoij 
aoluUon. 

111. — AERONAUTIC VOVAOBS OF LH0B8T, ROBERTSON, AND 8ACHAR0FP. 

The first aeronautic voyage to which science was indebted for some usetul 
indications was that performed at Hamburg. July IS, 1803, by the physicist, 
Robertson, accompanied by his countnrman, Lhoest. They remained Buspended 
in tho air live hours and a half, and descended at Hanover, twenty-fivo lesgnes ^ 
disfemt from the place of departure. 

At the moment of the jveeusion the barom^^ter on the earth stood at 28 inches, 
abd the thermometer at-r Iteaumur; at the greatcal height to which they 
attained the barometer showed 12.4 inches, and the thermometer— Reaumur. 
These observations, reduced to metric and centigrade measuiem^ts, give 758 
millimeters for the barometric hc-^jjlit, aiid-f 20^ for tho tempcrnturc at starting; 
330 raillinieter.s and — at the highe.>^t point rearched. Hence, according to 
ihe formula of Laplace, wc deduce 6,831 meters as the maximum height to 
which tho balloon ascended* 

The two aeronauts thought that at that height they observed ihe oscillations 
of the magnetic needle to be much less rapid than at the surface of the earth, 
aod that consequently the magnetic intensity diminishes rapidly as the elevi 
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in the atmo«plirrr incnjascs. They al-so rpportfd that they had experienced 
much physical i^uflering, aud observt d ])liy.-inlii^rieal jjlicnouirna, !»uch at the 
BwcUiug of the lipa and veins, thu bleeJiu^ of the ch, dec, whicil have not 
been uoifonnlj yerified in snbsequent expedidons. 

However this might be, the Academy of Sciences of St. Pctcrsbargh deter- 
/ mined on a repetition of the experiment to be m.ide by Robertijou himiHslf, assisted 
by SacharoflT. one of h4 own memberj?, dietiugiiiphffl both as a phy-n i-t uiid 
chemi.-'t. This t»econd expedition took place Juim- oU, 1804. Tin- auronauis 
ascended from St. rctcrsburgh at 7 home 45 mmutcs p. m., and descended at 
10 hotm 45 minntest near Sivorits, at a distance of about 80 leagues. At the 
moment of departore the barometer stood at 30 inches^ and the tliermometer at 
19^ Reaumur; at the greatest elevation the two insitruments indicated respect- 
ively 22 inehcs and 4^.5 Reaumur. We conclude from thc?e ob?^prvationf^ that 
the barometric pressure and llio temperature were, at the point of departure, 2.1 
miilimeters, and-f»23'^.7 j ut the greatest clevaliou, 595.6 miilmietert* uud-r5,.i3; 
and from this it results that the highest point reached was 8,703 meten. MM. 
Robertson and SacharofF were not able to make regular magnetic observations* 
but thev felt authorized to affirm that the needle of declination had ceased to 
be horizontal, and that its north pole was elevated about 10 degrees^ its BOUth 
pole having an inclination of the t^ame amount towards the earth. 

IT. — V0YA0B8 OP BIOT AND GAY LU88AC. 

Sanssure, after a series of observations made on the Col du Geant at a height 
of 3,435 meters, conceived it to bo ascertained that at that height the magnetic 
intensity undcrgoci" i < u:^ible dirninurion, which he estimated at about one-fifth. 

Tlji?^ result appeared in be verified by the aeronautic voyage?* of Robertson. 
Lhoe^st, and kSin !i in>lV, just fpokeu of. 13ut the proofs of the fact were not 
given in a sufficieutiy decisive manner to secure it a definitive reception into 
science, and the question appeared important enoup;h to the principal membetB 
of the Institute, Laplace, Berthollet, C'haptal, to justify a special experiment. 
This was intrusted to MM. Blot and Gay Lussac, who ascended from the garden 
of the Conservatoire (h-^ arts ct mcfhrSf August 24, 1804. provided with all the 
necPr^Pary instrument^. 'Die -mall dimensions of the balioon did nut allow the 
two aeronauts to reach iLe height of more than 4,000 meteia, aud at that eleva- 
tion the temperature, which had been+17''.5 on the earth, had only sunk to 
10^.5. Leaving at 10 o'clock in the forenoon, they descended, about half 
after one, 18 leagues from I^aris, in the department of Loiret. Taking advantage 
of the moment?* wli» n the movement of rotation of the l)alloon in one direc- 
tion f topped, being ubout to be resumed in tbe opposite din i i ion. the learned 
physicieis were able to detcrmmc the duration of five oscillations ol' the magnetic 
needle in different aeri^ stxata, and they obtained the following results : 

Heights. 

0 meters 
2,802 
2.897 
3,038 ** 

3,589 " 
3,005 " 
' 3,742 
3,845 " 
3,977 " 

Thu-. the observations agree in friviug 35 seconds lor the durati'tn <>f fire 
osciiiaiions, or at Ica^t the observed difi'ercnces arc too amall to allow of any 
conclusion bemg drawn from them. 



DurstioD of 5 os( illHtioos. 

. . 35.25 seconds, 

35 " 

35 « 

.. 35 « 

. . 34 " 

. . 35.5 " 

. . 35 " 

... 36 «« 
... 35 
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Under these circumstaDcos it was evident that a uew aficeubiou ought to l>e 
nodertaken. This time Gay Lommc ascended alone. He rose from the garden 

of tho CoDservatory, SepK nilx r 16, 1804t at 9 honrs 40 minntcs in the m<jniing. 
He ali^'lited at 3 Iiour.s to iniiuiicd, between Booen and Dieppe* 40 loagoes Arom 
Paris, near the vill;?-" i f S lin* Gourgon. 

The distiaguidhed «-;iv:iiir had t'urniBluMi his tUTOotat with iong cords, (lr.si;;nod 
to moderate its movement of rotation, and he coold consequently count more 
eaaily the oeeilUitioiui of the magnetic needle; he obtained the foUowmg lesalta ; 

' lieigbts. Duraliou of 10 oscillatiouB. 

. 0 meters. • 42.16 seconds. 

3,371 *• 41.5 

3,857 42.0 « 

4,651 «' • 4:?..') " 

4,294 *• •. 41.S 

, 4,367 . 4 J.U " 

4,765 " 42,8 

4,848 " 42.8 

5,277 " 42.2 « 

5,671 " 42.5 ** 

6,146 " 42.0 « 

6,lb2 41.0 " 

6,923 " 41.7 •* 

From those observations, wliich do not prct^ent sullicienily aj>j>i*cciable dif- 
ferences, Gay Lussac .drew the conclusion that the magnetic force docs not 
nndereo aetiaible variations np to the greatest heights whieh we can attain. In 
regard to this he thns expresses himself: "The consequence which we have 
drawn from oar experiments may seem a little too precipitate to those who 
remember that wn have not been able to make observations on the iiiclin uion 
of the macrnetic needle. But wlieu it is remarked that the force which eai;.-' 
a horissuuul needle to oscillate Is necessarily dependent on the inten.'«ity and 
direction of the magnetie force Itself, and that it is represented by the cosine 
of tbc angle of inclination of this last fbroe, the conclusion which we hare 
arrived at cannot fail to be drawn, that, since the horizontal force has not 
varied, the total force cannot have varied, unless one chop^es to suppose 
that the magnetic force may vary precisely in an opposite din ction. and with 
the same relation to the codiue of its inclination, which is not at all probable. 
We have, moreover, in support of onr condnsion, the experiment of the tnc1i« 
nation which wtis made at the height of 3,902 meters, and which proves that 
at that elevation tho inclination did not vary in a perceptible de^ce." This 
conclui^ion was lor^ical at an epoch when it waf not generally known tli it r a 
given place and under given circumstances the duration of the oacillatioiiH of a 
magnetic needle is influenced by its temperature. Now, tho depression of the 
thermometer of Qajr Lossac mul been soffidentlj constderaole to prodnce 
noticeable changes in tho magnetic needle. We see that, in !: imperfect state 
of the instruments and tho science in 1804. it was impossible to arrive at an 
exact solution of the problem which the Institate had in view. Even at 
present thini problem i.-< still unsolved. 

Tho principal result of the aeronautic voyage of Gay Lussac relates to the 
eonstant composition of the atmospheric air to a height of 7,000 metres. The 
filnatrioas physicist had the good fortune to bring tho first air from those high 
regions, and to give an analysis of it, wliosc accuracy has been uniformly veri- 
fied by new exp<^>riments conducted with the improved processes which science 
has discovered duriu}^ half a century. 

Another tact, no less important, is tho wide diiTereuce which Gay Lussac 
fomid between the temperalnres Wow ai|d at the great height to^ which he 
2S 8 
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ascended. At the nKnoaest of his departore the haiometer registered 705JS5 
miOinieterBr and the thermometer +27^.75; at ihe greatest elevalioii these 
instmmenta gave 32S.S millimeters for the pressure, and ^9°.5 for .the tem- 
perature. It results that Gray Lussac ro«'c to the height of 7,016 meters above 
the mear) I( vel of the aea, and that ho found himself exposed to temperatures 
differing by J7°. 

I shall not speak of the hygromefaricsl observationst because it 011I7 fesolts 
from them, as from the greater part of those which have been made to this dsf, 

that the diyne^s the air becomes vay considerable in high regions of .the 

atmo^'phert*. Hair liygrnraeters are infttniTnentg whose indica ions are pf> little 
compara))le witli cue another that it is impossible to deduce precise concla- 
siousj iVom them. 

Gaj Lnssac has reduced to their just value the tedtals of physical snlferiDgi 
which are supposed to be felt in very elevated strata of air; he expresses him- 
self on this snbjl»ct with perFpiciiity and slmplielty : " Arrived at the highest 

point of my ascension, 7,016 meters above the mean level of the sea, my respi- 
ration was sensibly embarrassed ; but I was still very far from experiencing:^ a 
degree of inconveuicnce vjiich could induce me to descend. My pulse and 
respiration were much accelerated ; and, breathing thus rapidly in an air of 
extreme dryness* I could not be surprised at having the tluroat so dry that it 
was painful for me tn swallow bread." 

It is thus seen that the apecnfions of Biot and Gay LufPne nrr the fir^t 
which have been made with marked success as regards the solution of scienUiic 
questions. 

V. — VOYAUKS OP 6A&KAL AND BIXIO. 

]\Or. Banal and Bixio made two aeronautic voyages, by the last of whii^ 
especially, science was enriched with unforeseen rej^ults of p^eat inij»ort!^nre. 

In reporting to the Academy of Sciences au account of the lirj?t exctir^ion of 
these intrepid physicists, 1 expressed myself in nearly the following terma: 
** MM. Barial and Bixio had conceived the idea of ascending to a great facigfat 
in order to study, with the improved scientific instruments of the proaent daj* 
a nniltitnde of atmospheric j)henomena still imperfectly icnown. It was pro- 

{)o.«ed to determiue the law of the decrenfo of temperature with the heichr : the 
aw of the diminution of humidity; to ascertain whether the clieiqjcal cunq i-i- 
tion of the atmosphere is the same throughout ; the portion of carbonic acid ai 
different elevations ; to compare the calorifie effects of the solar raya in tlm 
highest regions of the atmosphere with these same offsets observed on the sur- 
face fif tlu' earth ; to determine whether tliere afrirea at a given point tlie same 
nurnlxT of calorific rays from all points of npace; whether the i^ght reflected 
and transmitted by clouds is or is not polarized, &e. 

The instruments necessary for so interesting au expedition bad been pre- 
pwed with great care and predsion by M. Kegnaolt. Merer has the lov« of 
science been manifested with more disiuterestedness. M« Walferdiu fbmished 
several of his ingenious tliermometerH, The explorers were, besides, provided 
with baromoters very accurately gmduated, for determining the height at which 
thd difiiereut obfiervatious were made. 

The aeronauts had intrusted the preparation of the balloon to I>upais 
Deleonrtf who had disttngnished hhnself by twenty-eight aerial voyages. All 
the arrangements were made in the garden of the Observatory of Paris. The 
ascension toolc place Saturday, June 29, 1850, at 10 hours 27 rainntca in the 
morning, the balloon having been filled with pure hydrogen gas procored by 
the action of chlorhydric acid on iron. 

According to all previous calculation, the explore might now have expected 
to rise to tM height of 10,000 or 1S.000 meters* anppoBlng the upper strata of 
the atmospherB to eom^oiid with reeeived theoietusal idou. 
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At momfliit of depBrtiiie» howerer, H mif^t 99/afy be aeen tbil in seTeral 
respects the aerostatic apparatus was impeifect *The balloon^ in consequence 
of the pravilence of high wiud;^, had been torn at many points, and mended 
with too great haate; the rain fdl in torrents. What was to be done ? Tt liad 
been moat prudent, perhaps, dol to ascend, but the aeronauts rejected tlif idea, 
They placed themselves in the car, and boldly iaanched into the air, w ithout 
«ven taking ihe preeantioii, so Tiolent was the wind* of determining with a 
balanoe tfie aseenrional force of the aerostat. Their ascent wasr extremely 
n|nd; the spectators compared it to that of on arrow ; they very soon disap- 
peared in the clon !^, and it wa-* aliove the curtain Avliich thm fhrouded them 
from Uie view of man that the stknng scenes took place which remain to he 
described. 4 

The dilated baOoon pressed with great fotce on the medies of the netting, 
whieb was mnch too smalL It expanded from above downwards; deeoended 
' on die aoronantB» whose car was suspended by cords which were too short, and 
covered them in Bomf» port like a liood. At this time the adventurers found 
themselves in a wituatioii ol the greatest difficulty; one of them, in his efibrts to 
disengage the cord of the valve, caused an opening in the inferior prolongation 
of the boUoon; the hydrogen gas, yhidi escaped nearly on a lefel with tbdr 
beads* almoftt snfibcatod ibiBiB» and caused excessive yomitingB and momentaiy 
syncope. 

ConBuUiiig the barometer, they found tliat they wero descending rapidly, 
and, in seeking to ascertain the causr of thij* unexpected movcnicnt, they dis- 
covered that the balloon was torn in tiic region of its equator to the extent of 
nearly 2 meters. They now perceived, but with a eompoenre which merits 
adiniratioQ, that all they conld hope was to escape with life. It is no little 
to say Aat the velocity of their descent was much greater than that of their 
accent. They discharged all thoir remaining ballapt, threw overboard even the 
coverins'P which had been provided against the cold, including t)ieir furred 
boots, but parted with none of the instruments of research. 

They fell, at II bonm 14 ndnntea, in a vineyard, the ground of wbidi was Ibr- 
innately soft, in the oonmiune of Dampmart, near Lagny. The laborers and 
vine-dressers ran to their help, and found the two aeronauts clinging by the 
feet and hands to the stems 01 the vines, in order to counteract as far as p<)«^i- 
ble the liorizuntal movement of the car. The most earnest assistance was 
rendered theui. 

From a voyage peifbinied nnder sndi eonditioas it is evident that science 
conld derive but a very small amount of information in comparison with wliat ' 
might have been expected; yet it is our duty to say that our two physicists 
established, by decisive experiments, that the light of clouds is not polarized, 
that the bed of elonds which they traversed was at Ica^t .'^.OOO metera in thick- 
ness, and that, notwithstaudmg the existence of this cm lain between the earth 
and sky, the decrease of temperature was veiy nearly the same with that 
verified by Gay Luseac in his celebrated voyage performed in a perfectly 
cloudless sky. From the barometrical observations compared with those made 
at the Observatory of Paris, it if* deducihlc that, in the region wliere the 
balloon wa.H torn, the height attained wan 5,000 nietcrd, and from a similar 
computation that the upper surtace of the cloud passed through was ut the 
height oi 4,200 meters. 

The following numbers complete the details which I laid before the Academy: 
At tlie moment of departure the barometer of the Observatory, reduced to zero, 
marked 753 millimetore, and the exterior thermometer 30^.3 ; the direction of 
the wind was wej^t-southwest, and the sky was completely covered. At 10 hours 
29 minutes the voyagers penetrated into a cloud haviug the appearance of a 
dense mist, which deprived them of the sight of the eivth. At 10 home 47 
mmutes the bannneter of the car, reduced to aero, marked 458.3 miUimeters, and 
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tBe thermometer +7^; at the same instant the harometer of the Observatory 
indicated a pregsure of 753.1? millimeters, atitl the thermometer + 19°.4. These 

nnmb'crH give, hy calculation, the height of 4.242 metrei? above tli'^ menTi h>vf>l 
of the Fea, and correspond with tlie moment at whicli the hallnoa emerged from 
the upper part of the clouds. The bed of clouds uow below the obscrverii pre- 
Bented the appearance of mamillary swellings, silver wUte In eolo^ die light 
firom whieht examined with the polaiiecopic telescope, yielded oo trace of polari- 
zatioii. Sloept a few clouds, which here and there rose high above the balloon, 
the fky w:h of a pale and dull blue. At 10 hours 59 Tn!nut<'s the barometer of 
the car indicated 'M3A millimeters, and the thermometer bad sunk below zero. 
M. Barral was uoable to make out tbe exact thermometric degree on account of 
a layer of hoar-firost deposited on the instmoient* which he eonld not remove. 
The haroaieter was at tnis time in a state of oscU]ati<m, tbe mean hdght of its 
changes being represented by tbe number just mentioned. The balloon, which, 
notwithstanding the precige direction^' p:ivr*n, bid betm po constructed as not 
to leave sufficient room for the development incident to the natural dilatation 
of the hydrogen,* had now sunk down upon the excursionists ; the valve pro- 
vided for the esci^pe of the gas was dosed; a rent had taken place in the upper 
pait of tbe balloon, and HH. Barral and Bizio fell to the earth after having 
travefsed li»800 met^ in htm four to five minutes. 

Tlipy immediafrly eomnicnced preparations for a new ascent, which took 
place a mouth after that of which an account has been given. They rose, as 
before, ^m the garden of the Observatory ; and I was a witness of this, as I 
had be<^n of their former aseension. I had taken part in all the deliberations 
which regarded the scientific purposes of the voyage. If the first one had been 
rendered, by unfavorable circumstances, almost entirely barren of results, beyond 
giving proof of the intrepidity of the two diptingnit^h' fl rxplorers, and initiating 
them in the dangers of an ascent through an atmo«ph(Te agitated by winds and 
turbid witE thick clouds, it would be sufficient to read tbe journal of the second 
voyage to comprehend how fhrtOe it was both in novelty and interest The 
Aeiademy of Saences having judged it deshrable tliat sneh a statement shoidd 
be prepared as would enable those least &miliar with th< ' inatters to appre- 
ciatf" the importance of the contribution made by MM. Barral and Bixio to 
meteorology, 1 yii'lded to the wishes of that learned body, and phall here 
reproduce, in nearly identical terms, tbe account of the voyage which I then 
submitted ; 

*' The two edehtifie explorers having properiv resolved to renew their enter* 
prise under more favoraUe ciienmstances, and being no longer under a neces- 
sity of evincing their courage or punctuality, could afford to await patiently 
the day and the momerii M. Kegnault took charge, with ^f. Barrjil. of the 
preparations, which is euuivalent to sayius that the utuio.st ingenuity and 
exactness presided over the eonstmetlon and disposal of the instnunents. No 
one, however, but an eve-witness, canmppredate the indefatkable seal and 
devotedness which mv dJstfateaished colleagae exerted day and night in tiiia 
behalf. ^ 

*' Everything was ready on Friday, July 5r>, 1850, but the weather was 
adverse. Saturday muruiu^, the atmosphere haying cleared up, the filling of 
the balloon was be gun. The operation was tedious, and by the tone it was 
finished, towards one or two o'clock, the sky was overclouded, and a deluge 
of tain was falling. The rain finally ceased, but the sky remained eatirdy 
overcast; it would have been only natural,* under these drcumstancea, to 



•Thedifficnhy of mannfrlng the halloon before its ascent was thf r« :i-nn why the length 
of the cords attaching tbe cor was reduced. Tbe wiad was «o violent ibat 120 aoldian cottld 
scsm^ keap IIm hailoon limai baUig csiried away. 
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renounce the proposed oHcenaion. I made, in tbc presence of tLo two aeronaufti^^ 
the observation that it might be very useful to know the decrease of tbeatmo3- 
pheiic temperature with the height wheU a contmuons screen of cloudt^ ahut^ 
from us the yiew of the sky.* Now it sometimes happens that the sky 
becomes clear of a sudden ; in this case there most xemaia in the atmosphere 
traces more or less marked of the abnormal decrease of temperature of which 
the presence of the cloud had been the caUBf?. The observations made in 
aerostatic ascenaions, performed diaiug clear weather, are not completrly 
applicable to thi^ special cusq. Besides, there are numerous occasions when 
we obserFe through openings in the doods. When MM. Barral and Bixio 
azrlved at the conclnBion, from these considerations and others which it would 
be superfluous to mention, that their voyage might piOTe UBefal» they placed 
themselves in the car and launched iuto the air. 
) "All the details of this ascension are scrupulously given in the journal 
written at lihe time by the aeronauts, and the calcolations were eompsMd by 
M. Begnault with the indications of the sealed instruments carried in the ezpe* 
dition. I shall only advert here to the fact that at their greatest elevation our 
• elfcplorers experienced no uneasiness or embarrassment in their respiration ; and 
that M. Bixio, who had suflfered in his first voyage from acute pain in the ears, 
guarded against that annoyance by simply counterfeiting from time to time 
^e act of deglutition, by which the air within and wimont the organ was 
maintained in a state of equal pressure. It may be added, that they encoun- 
tered a mass of cloud of more than ' Ono meters in thicknei?8, that th y d' l not 
succeed in risiug entirely above it, but at the height of about V.UUO n)cters 
feet) were forced to commence an involuntary descent, the eliect of a 
rent in the lower part of the balloon. They might, perhaps, by throwing out 
the last of theur hallsst. have prolonged their stay A the height which they 
had reached, but circumstances no longer permitting them to gather useful indi- 
cations for Bcieuce, they thought best not to struggle against the downward 
tendency of the apparatus. 

** Let us speak now of the observations which they had an opportunity of 
making. When they had attained their highest station in the immense bed of 
clond, an opening took place in the vaporous mass which snrrounded them, 
through whicli the blue Bky was apparent. Tho polari?cope, directed towards 
this region, .showed an iutcu^o polarization; on the contrary, there was none at 
all, when the instrument was pointed aside beyond the opuuiug. This should 
not be regarded as a repetition of the experiment 'made in the first voyage, for 
tboLtbey observed the light reflected by the clouds, whih; now it was in the 
transmitted light that they verified tlu^ absence of all j)olarization. 

"An interesting optical phenomenon was exhibited during this ascension. 
Bcibre attaining the highest limit, the bed oi cloud which enveloped the bal- 
loon, having diminished in thickness or become less denee, the sun appear^ 
weak and quite white; at the same time there appeared, below the honaonUd 
plane of the car, at an angidar distance from that plane equal to the angle 
formed by the sun's li eight, a second sun Bimilai* to one which might have been 
rcdccted from a sheet of water situated at that elevation. It is natural to sup- 
puse, with our aeronauts, that the second suu was formed by tuo reflection^ of 
the Inminons rays on the horizontal &ces of crystals of ice floating in that 
vaporous atmosphere. 

""We now come to the most striking and wlioliy unexpected result furniahed « 
by the thermometrical obr»ervation.s. (jay Lus.-jac, in his asccn^iou iii clear or 
rather slightly vaporous weutlicr, hud fuiind a tcm])criitur(' of 'J^.o below zero 



*The refjnctioufl at moderate heights depend on the law according to which this deaease 
liflikled* 



Digitized by Google 



342 



ASBONAUTIC YOTAQBS. 



at the heij]:ht of 7,016 meters. Thia was the inhiimum he ohscrved. MM. 
Ilarnil ami JJixio encountered this same temperatuie m the cluuil at ilie height 
ot' ubuut G,000 metorbj hut from thid poiut, through m exleut of some GOO 
meten» the tempeMtne varied in a manner the most eztnordinaiy» and be^rond 
all anticipation. Lest the number which results from the obaervataona uoold 
Btrike the reader witli a feeling of incredulity, it is proper to say that proof 
of its exactness will be promptly submitted. At the height of 7,049 meters, 
at some distance from the upper limit of the cloud, MM. Barral iuid liixio 
saw the ceutigxade thermometer descend to 39 degrees below zero. It is 30 
degrees lower than the nmnber obserred by Qay Luaiac at abont the aaoM 
height, bat when the wither was clear. 

" I hasten to prove that this surprising result ia affected by no error of observa- 
tion. T!if barometer for determining the height was of course furnished with 
a tht rmv»uacter intended to give the temperature of tlie mercury. This ther- 
mometer had been graduated to 37 degrees below zero. It was thought iltai. 
these 37 degrees ought to suffice fbr &e greatest hdghtB to which it was sup- 
posed explorers could ascend. But the mercury had descended bdow this 37Ui 
d^ree, though it had not shrunk entirely within the reservoir. By an estinufte. 
which could hardly be inexact when made by such a physicist as M. Ilegnault, 
the mercury had descended 2 degrees below 37. The thermometer of the ba- 
rometer marked, therefore, 39 degrees. 

'*M. Walfocdm has invented very ingenioiis self-registering thennometen. 
which give the maxima and minima of tempeiatun; to which they have been 
exposed. The one for maxima is frequently used; it is desirable that the 
second, which is less known, should be generally adopted by phyeicistt*. It 
is ca])ahle of being of ^rcat tiervice to meteorolgy. The inventor had sent 
oue of his thermometers d mimfna with arbitrary divisions to our aeronauts, 
and this was enclosed in a case with numerous holes to permit ihe drenla- 
tion of air. At the request of the two aeronauts, a seal was applied* and this 
sealf which arrived untouched, wan broken at the College of France in the 
presence of iVIM. Begnault and Walfcrdin. Careful examination proved that 
the minimum thermometer had sunk to — 39°.7. After these pncise obser- 
vations it ib bcaiccly necessary to say that the proof of an extraordinaiy depres- 
sion of temperature is to be found in the impossibilit7 which the amouAUttf 
experienced of reading the indicationB of neveral thermometers, the fluid of 
which had sunk as low as the stopper of cork which supported them. Every 
attempt to remove this obstruction was frustrated by the stiffening of the fingers 
Willi cold. Tiiis nearly instantaneous depression of the temper.it are iu the 
cloudy mass is a discovery which interests meteorology in the highest degree. 
What is the special oonstiAition of a doud which quaunes it, wheUier by radi*- 
taon into space or from whatever other cause* to eauiibit so prodigious a refrige- 
ration? It is a question which at this moment we can do no more than pro- 
pound. Ciin this abnormal constitution play a part in the formation of hail ? 
Is it, percliance, the cause of tlio considerable changes of temperature whi( h 
are saddeuly experienced at a given place ? The solution of these questions 
is reserved for the future* whiw does not» however, at all diminish the imports 
anee of the observation. 

"In the journal of the voyage the temperatures observed were rendered by 
thermometers having an arbitrary graduation ; tlio ;i« ronauts did not know what 
the numbers signified which they read and registered; the real tempt r itun s 
were afterwards determined by M. Begnault, and the heights calculated by M. 
Mttthieiu. We may thus rely with perftet confidence on the results. From 
these we deduce that the height attained was 7,049 meters, taking into account 
tlie diminution of weight at thopo great eh^vations and the influence of the hour 
of the day on the barometric measurement of heights; this ia 33 meters higher 
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. than Gay Lussae had ascended. It is proper to observe that the formulas nac^ 
in calcdating heights proceed upon the l^rpotheeiBof a nearly nnifiwm decrease 

of temperature, and thatt in this instance, a ehange of elevation which may he 

estimated at 600 meters, wa^ attended by a variation of temperature of about 
30 der^ecs, while, iu au unclouded atmosphere, the variatioa would have beea . 
bul i'rum 4 to 0 degrees. • 

** The important dieooyeijr made In this aenmaatio voyage shows what sdenee 
may expect fcom like ezpeditionB when they shall be confided, as at that time, 

to intrepid, careful, exact, and candid observera." 

The following is an extract from the journal kept by the two accompliahed 
physicists during the voyage : ' 

*'Tho gradnated instraments which we carried with ns had been constmeted 
by M.Fastrd, nnder the direction of M. Begoault. The tables of graduation 
had beeu in pared in the laboratory of the C^ege of Franee, and were known . 
only to tlie last TnentioTir'fl.«f)vant. 

"The balloon i« the buinv which served for our first aactjnbion ; it if* formed 
of two LeoiisbLcrcs of a radius of 4.8 millimeter, separated by a cylinder 3.8 
millimeter in neight, having fbr its base a great circle of the sphere. The total 
volume of the balloon is 729 cubic meters. A lower orifice, intended to give 
Lssue to the gas during its dilatatiou, is terminated by a cylindrical appendage of 
silk, 7 meters long, which is left open to permit the free escape of the gas dur- 
ing the period ot ascent. The car is sutipeuded at about 4 meters below the 
onfice of the appendage, so that the balloon may float at the distance of 11 
meters from the car, and in no respect loterf&e with the observations. The 
instruments are fixed around a large cast-iron riug which is attached to the 
usual wooHon circle for securing the cords of the car, and h of yurh a form 
that the instruments may be within convenient distance of the observers. 

*' It was our intention to set out at about 10 o'clock a. m., and measures had 
been taken for commencing the inflation of the balloon, an operation with which 
MM. Veron and Fontaine were charged, at 6 o'clock. Unfortunately* circnm- 
stances bejond our control, and ari.sing from the nerrssity of thoroughly wash- 
ing the ga^t in order to guard against its action upon the tis^sue of the balloon, 
occasioned delay, and it was 1 o'clock before the arrangements were completed* 
The sky, which had been quite clear till noon, became coverll with cloodst 
and soon a deluge of rain was fidUng upon Paris. This continued. until 3 o'clock. 
The diiy was then too far advanced, and the condition of the atmosphere too 
unfavorable, for us to hope that we could carry out the programme we had pro- 
posed. But the aerostat was ready, great expense had been incurred, and it 
was possible that observations in this troubled state of the atmosphere might 
lead to useful results. We decided, therefore, to ascend. Our departure took 
place at 4 o'clock. Some difficulty was occasioned by the narrowness of the 
fjpacc whieh the garden of the obscrvator}" afforded for the evolution of ascent. 
The balloon, as has been seen, was at a eonsiderable distance from the car, and, 
swept I'orwaid by the wind, got the start of the frail skiff in which we were 
embarked, so that it was - only through a series of osciUations, snffidendy 
divergent on either side from a vertical line, that we attained a state of tranquil 
Fu.-pcnsion from the aerostat. We came in contact with trcea and a pole, by 
which one of the barometers and the thermometer with a blackf^ned surface 
were broken, and these were left behind. We shall here transcribe the notes 
taken during our ascension. 

*< 4*^ 3*". Departure^The balloon ascends at first slowly, takmg a direction 
towards the east. The movement of ascension becomes more rapid after the 
discharge of some kilograms of ballast. The sky is completely covered with 
douds, aud we presently lind ourselves in a light mist. 
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Bamnelv. 


Thsmunnttaf. 






MiUinutert. 

CTjo. 57 
636.68 


+16° 

+13.0'* 
+ 9.8 


Jdetert. 

7r)7 
im 

],244 






• 

"Above us there extends an uninterrupted of doads ; below we perceive 
here and there detached clouds which appear te float over Paris. The wind is 
iresh. 


Hours, 


Barometer. 


Tbermom^r. 


Height. 




• 507.73 
55c!. 7U 
482.20 




2,013 
2,567 
3,751 


4 15 




—0 .5 





*' The cloud which wc cuter presents the appearance of an crdinaiy dense 
fog. The earth is no longer discernible. 



BaioiiMter. 


TbenBOOH^r. 


Height. 


405.41 


—70.0 


5, 121 meters. 



"A few ?olnr rnvf become pcrccjiTible throuL'^ the clouds. 

"The barometer oocillateti liom 3GG.99 iiniiiuictcrji to 386.43 millimeter^; tlie 
thermometer marks — 9^.0; ealcnlation gives from 5,911 to 5,492 as ihe height 
re;uli< <l ni tLi^^point of time. 

" The balloon is entirely inflated. The appendage, compressed till now hy 
th ■ extmi.il 'nnoppherc, at prcpont distended, and the ga* e«capea hy its 
lower oritice unurr the tonii of a \vlnii.>^!i trail ; we perceive its odor very dis- 
tinctly. Wc discover iu the balloon, at the di»tance of about l.o millimeter from 
the insertion of the anpendage, a rent, which affords issue to a greater amonnt of 
gas, without diminisning, however, in any important deg;reef the ascensional 
force of the aerostat. 

*'An opening in the dond enables ns vaguely th pcrcdve the position of the 
ann. 

** The balloou resumed itt> a^iccndant movemeiii alter a new discharge of 
ballast. 

**A^ 25'.«Oscillation8 of the barometer between 347.75 millimeterB and 
307.04 nullimeters indicate a new station of the balloon ; the theimoiiieiier variea 



• All the barometric lieighta taken have been reduced to tlie temperature of 0^ hj calcula- 
tion. By means of the barometric and thermomotric observationM, mado nt the ob^erx-aiorj 
and in tlio car, the heights of ninetwn .stations above the observatory and above the .sea wire 
calculated, incrwisinp them by ti5 meters. But the three heights, 0,512, 7,041), and 6,7t>5 
metorx, where the temperature bad sunk to — 35^, — 30*^, and — 3S>^, were obtained by cal- 
rsil it I not from the okser\*atory, but from the intennediate station of b,iKt2 meters, «lu ro 
the ti-inperature wa» — 9^.tji, and the pressure 367.04 millimeters. There result.^ 7,UtM lor the 
bi(:;he.<<t iitation. JBut it is still neeeMMiry to add a correction of 1*.^ meters, dnetothe heiglit (.%Oin! 
mt Urs) of tho! inferior station <if cuiupariBon, and 33 meters on account of the iuQuence of tlw 
hour of the day, a» was juitly reoivked by M. BmvMS, which makes in all 7,U49 meteis. 
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from — •10^5 to —9^8; the h6^;ht we have leaehed wies from 6,330 to 6,0o 

'* The fog, much le00 dense, pennitft oor seeing a white and feeble image cii* 

the sun. 

"A reucwed discharge of ballast occasions a licw adceusiou of tbc balloou, 
which attiuns a new statiouary position, indicated hj renewed oscillations of th& 
tiaiometer. We are covered with small particles of ice» in the ehapc of ez* 
tremely fine needles, which accumulate in tho folds of our clothing. While the 
barometric oscillation is descendinp:, niul tin- movcracnt of the balloon i.s coiihp- 
qticntly asccns'ional, tlirso ])artit'lc.^ i'all iijion our open note-book in isueh quan- 
tity a.-^ to produce a aurt of crepiiatiou. ISuthing similar is observed while the 
baiometer is rising and the balloon, of course, descending. 

"The horizontal glass thermometer i ndicates— 4^69; the silver-plated ther- 
mometer— 8 \95. 

Wc distinctly hco tho disc of the f«nn through the frozen mist; but at the 
same time, in the saujti vertical plane, we perceive a second image of the sun, 
almoBt as intense as the former. ' The two images appear symmetrically dis- ' 
posed above and below the horisontal plane of the car, each making with this 
plane an angle of about thirty degraes. This phenomenon is apparent for more' 
than ten minntox. 

"The tcniporaturc lnwrr?< rapidly. We prepare to make a comnlctc t^crifs 
of obeervatiousi on the ihcnuumeters of radiutiun and those of the psychrometer, 
but the mercurial columns are hidden bpr the stoppers, inasmuch as no such 
rapid fall in the temperature had been anticipated. The thermometer with con* ' ' 
centric envelopes of tin gives —23"^ .79. 

"We open a C!v;^f' in wltich two pigeons are confined, but they refuse to 
escape. Wc cast itiem oft' into space, when, spreading their wings and wheel- 
ing in large circles, they sink downwards and are soon lost to sight in tho mist 
which surrounds us. Wc cannot perceive the anchor which is suspended bdow, 
at the end of a cord 50 meters long. 

4I1 — ^Y^. Ji,<c}i;irge balla!?t and rine Ptill higher. The clouds fcpamte 
above, and w c see in the sky a space of bright azure blue, f^imilar to that seen y 
on earth m clear weather. The polariscope indicates no polarization, in any 
direction, on the clouds immediately around or remote from us. The blue of 
the sky, on tlie contrary, is strongly jiolarized. 

"The oscillation,^ of the barometer indicating that we have ceased to ascend, 
we throw out ballast, and obtiun a new ascensional movement. 



Hours. 


Barometer. 


Thermometer. 


Height. 


4* 45'" 


Mitlimeter$. 
338.05 


—350 


Utttrt. 

U,512 





" Our fingers are stiffened with cold, but we experience no puiu in tho cars, 
nor is respiration at all embarrassed. The sky is covered anew with clouds, 
but the sun, though veiled, is still seen, as well as its image. We think it would 
be interesting to find if the cold will .«till inrrcn«o on .i-cending yet higher. We 
throw out ballast, which determines a further a.^crnr^ion. 

SO*". — The barometer marks 315.02 millimeters. Tho extremity of the 
cojiumn of the thermometer of the barometer is lower by about two degrees than 
the last division marked on die instrument This division is— 37° ; the tem- 
perature, t lie re fore, was about— 39*^; the height, consequently, which we had 
attained is /.O.'J'J meters. 

"Tiic l)arometer oseillatet* from Sl-'j.O^ millimeter.^ to 326.20; hence the bal- 
loon oscillates Irum 7,0oy to 0,7 i>8 meters. There arc only four kilograms of 
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Iiallaet lenMining, whioh we jadge it prudent to keep for the deeeent. Beaidci, 
itiBuelees to tryto mount higher with instruments woieh have become mute; the 
mercury is congealed. We cnnld, at most, only strive to inaiutain ourselves for 
fiome time at the same height, but, although the appendage is raisod lo prevent 
the escape of goii by its oriiice, the bailoou* begins to descend. We proceed lo 
flecQie portiotui of the sir, and, though the tohe of one of the receptacles is 
broken in attempting to turn the stop-cock, the other is filled without aecident 
But the cold paralyzes all our efforts ; obijcrvations liuve become impossible ; 
our fingers are disqualified for evezy openUioa. We resign ourselves to a 
des^at. 



Hours. 


Barometer. 


Temperature. 


Uaight 




Miiitrntten. 

496.40 


• 


Maun. 

4. SOS 




'* We still encounter the little needles of ice : 


Bonis. 


Bsiomstar. 








Uillimetert, 

4~;?. It; 


—3 
—I 
0 


Bttttn. 

3,698 
2,796 

%m 


5 10 


540.39 
559.70 
682,90 


5 12 , 







** The thermometer irith a glass snrfaoe marks +2^50 ; that with a ailTered 

surface 4-1^ 91. 

i«5h j(;m — 'pjj,. barometer oscillates from 598.5 millimrtcrs to 61S.0 millime- 
ters, becaut<i' we throw over our ballast, and this arrest.-^ uur descent^ the tem- 
perature is I'-'.S; the height varies from 1,973 to 1,707 meters. 

**The oscillations are prolonged by the discharge of the hut portions of our 
ballast. We are now only occupied with moderatmg die descent by sacrificing 
all that we )ia\ c at our disposalt except the instroments* and we place the 
thermometers in thiir cascjs. 

«< 5i» 30™. — Wc touch the ejirth at the hamlet of Peux, a commune of Saint 
Denis les Bebris, arrondissement of Goulommicrs, (Seine et Mamc,) at some 

Saces from the residence of M. Bmlfert, mayor of the commone, 70 kilometers 
istjmt from Paris. 

" We had the good fortune to break no instrument in our descent. The 
villagt; atTordi'd but a ningh; vcliiclc to cany us to the Strasbourg railroad, IS 
kilouieterei dibiuut, and the transfer was rendered troublesome by a violent ^torm 
of wind and rain the horse fell, breaking two of the instmments, whidh we 
greatly desired to carry safe to Paris, uamdy, the balloon tot air, and the instm- 
meut indicating the minimum of barometric pressure. Fortunately the minimum 
therraunu ttr of M. Walfcrdin, witii his seal, was conveyed intact to the College 
of France. Here the seal was removed by MM. Regnault and Walferdin, aud 
the minimum of temperstore determined, by dhrcct experiment, was found to bo 
— 39*^.67, consequently very little different from the lowest temperature observed 
by ourselves on the thermometer of the barometer." 

In rendering my report to the Academy of Science?, I remarked that the fact 
of the presence ul" a cloud componed of small [larticlt s of ice having a temper- 
ature of about —40^ iu mid-summer, at a height of from 6,000 Lo 7,000 meters 
•bo^e the sniftce of Europe^ is the grasliest discovery which meteoxvlogy Im 
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for a long lime recorded. This discovery explaioa how these icy particles iuhj^ 
become the nucleus of hailstones of considerable volume, for wo readily cotu~ 
prebend bow they may oondeiise aroiiiid tbem and Bolid^r the aqueous rtpom 
contained in the atmosphr ric strata in which they float ; it likewiae demonstrateB 
the Tmth nf the hypotnesin of Mariotte, who attriLuted the cxistenro df halos, - 
parbi lia, and paraselenes, to crystals of ice suspended in the air. In imc, the 
presence uf a widely-extended cloud of great coldness very well accounts for the 
eodden changes of temperature which so often and tmexpeetedly atfeet onr 
climates. MM. Barral and Bixio» in discussing the meteorological observations 
made in Europe at the time, including the day preceding and the day following 
their rnomorable ascension, wcro <• n;)l»1<'d to establish the occurrence of puddnn 
Hud general accessions of cold, whic h boi-c undoubtedly a durect relation to th« 
arrival of the intensely frigorific masses of vapor which were then propagating 
themselTes from tjno northeiwt to the southwest. 

Vl^ — VOYAUES OF JOHN WELSH. 

In July, lSr>2, the committee of directors of the obserTatory of Kcw, near 
Xx>ndon, resolved on the execution of a scries of aeronautic ascensions with a 
view to the investigation of the meteorological and physical phenomena wliicb 
develop thexnselves in the most elevated regions of the tenestrial atmosphere. 
This resolntion was approved by the council of the British Association for the 
Advancement of Science. Instruments were immediately prepared, consisting 
of a barometer of Gay Lusfac, dry and wet thermometers, an aspirator, a con- 
densing hygrometer of Regnault, a hygrometer of Dauicll, a polariscopc and 
glass tubes to collect the air. The haUoon made use of was that of M. Green, 
who constantly accompanied M. John Welsh, to whom the observations were 
intmsted ; illumiuating gas was employed for inHation. Four ascensions took 
place, August 17 and 2G, October 21, November 10, 1S52 In the first two 
voyages M. Nicklin also accompanied M. Welsh, The place of departure was 
the garden of Vauxhall. 

,In the first ascension, Angnst 17, the expeditionists set forth at 49 minutes 
after three in the evening, and again touched the earth at 20 minutes after five, 
23 leagues north of London. They reached the height of 5,947 meters. The 
lowest pressure they obtained was 364.5 millimeter!?, and the minimum tem- 
perature — 13°.2. On the earth the barometer indicated 755.1 millimeters, and 
the thermometer 4- 21 °.8. A cloud covered the horizon, its inferior limit was 
readied at about 768 metetSi and its superior limit at 3,9d3 meters. The bal> 
loon then penetrated into pure air, but at a great distance above there spread a 
dense cloudy mass. Snow, consisting of star^sliaped iiaJces, fell £n>m time to 
time on the balloon. 

The second ascension, August 2G, commenced at 4 hours 43 minutes in the 
evening, and terminated at 7 hours 35 minutes; the deseent toolc place 10 
leagues WJ( W. of London. The balloon rose to a height of 6,096 meters, and 
the lowest temperature observed was — 10°.3. On the earth the pressure was 
760.9 millimeters, and the temperature -f 19.1. A few eloudn were suspended 
in the atmosjphere at a height of about 900 meters ; above, the oky was clear 
and of a bright blue. 

The third asceneion took place October 21, at 8 hours 45 minutes ; the voy- 
agers descended at 4 hours 20 minutes, about 12 leagues to the eaat of London. 
They ascended only to a height of 3,853 meters ; the least pressure observed 
was 475.5 millimeters, the lowest temperature —3"'. 8. On the earth the ba- 
rometer marked 759.2 millimeters, the thermometer + 14'' .2. Between 254 and 
853 meters, the balloon encountered detached and ixregvlar clouds ; at about 
915 meters it entered a continuous bed of cloud, whose upper surface terminated 
at 1,003 meters. On its emerj;:ence from the cloud the b;dloon projected on its 
nearly level cxpamic a shadow surrounded with triugcs. The light, dircctl 



Digitized 



348 



AEEONAUTIC VOYAGES. 



reflected hy the cloud, examined with the polaziscopc, presented no trace of 
polarisation. 

The greatest height at which M. AVeI.-<li arrived waa attained in his fonrdi 
voyap:*', p*M formed the lUih of November. The ascent took place at 2 hours 
21 minuli'j}, nud the descent, near Folkstone, 23 leagues E.SE. of T.oT!»l..n. at 
3 hours 45 minutes. The height reached was G,989 meters j mmimum lun- 
. j^ratnre observed — 23^6 ; minimom pxessnre 310.9 millimeteis. On the earth 
the barometer indicated 7G1.1 millimeters* and the thermometer +0*^-0. A 
first cloud was encountered at 254 meter?, whope upper surfaec rcatlicd a height 
of 600 meters. There occurred next a space of 620 rcr?;, free IVoin ul! j^cusible 
vapor; but, at a height of 1,220 mctei-s, a new cloud wus met with, which ter- 
minated at 4,494 meters. 'Beyond this there were only a few cirri at a Teiy 
great height. 

We see that the English aeronauts only once approached, thougli without 
attaining, the height of 7,000 meters, reached by Gay Lussac, and by Bjirral 
and Bixio. The very low temperature of — 23*'.6, observed b}'- \V"el:*h in hi? 
last ascension, would certainly have appeared extraordinary if our countrymcii, 
in their expedition of July 27, 1850, had not encountered a cloud having a " 
much lower temperature. The air collected by Mr, Welsh waa analyzed by 
^liller, who found its composition tlie same with that of normal air. TLc 
hygrometrical ohpervations which Mr. Wdi^h made witli care, and in ^cat num- 
ber, by help of the psychrometer and hygrometer of 31. Kttgnault, did not indi- 
cate any considerable dryness. On the contrary^ evai in Uie highest regions, 
the relative atmospheric iiumidity approached saturation. 

VII. — TUB GRBATBST UBIOHTS REACHED, AND THE TBMPBBATUBBS OilSBRVBD, 
tN THE VPPBR BBOfONS OP TBB ATM08PBERB. 

It is worthy of remark that, to the present time, man has not ascended into the 
atmosphere as high as the aerial stratum which surrounds the loftiest mountaia 
summits of the Old and New World. Kintschindinga and Aconcagua, the former 
8,592, the latter 7,291 meters high. In the ascent of mountains, barely 6,000 
meters may be a^.'^igned as the height to which human effort has attained. In 
Jun<\ i so i, iny illustrious friend, Alexander liumhohlt, accompanied by M. 
Boupiuud, u.scended Chimbur;uo to the altitude of 5,67b meters. In December, 
1831t another of my friends, M. Boussingault, accompanied by Colonel Hall, 
climbed the same mountain to the height of 6,004 meters above the level of the 
sea. If we add to these two celebrated excursions the aeronautic voyages of 
Lhoest and Kobertson, July 18, 1803; of Gay Lussac. September IG, 1804; 
of MM. Barral and Bixio, July 27, 1850; of M. Welsh, August 26 and No- 
vember 10, 1852, we have the sum of all the enterprises in which man hsa 
sacceeded in maintaining his position for a few instants in the strata of air 
situated from 6,000 to 7,000 meters above the mean lev£l of the seas. The 
following table recapitulates the thermometric and barometric obsemtkuis 
made under these rare circumstances : 
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C,83I 
7,016 
C,004 
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6,969 


336.0 
3S8.6 
371.1 
31.^. 0 
371.1 
310.9 
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— 1.6 
-6.9 

+ 7.1 

-39,7 
-10. J 
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Tliese figures eertainly demonstrate that inbigk atmospheric redone, the tliei-^. 
mometrieTariations are not less considerable than on the snrfoee of the earth» an^ 

that, in any case, if there be a stratum of constant temperature in the terrestrial 
atmospheie, the fact of its existence is only admissible as regards an elev.itiou 
probably much greater than any yet reached. Is it practicable to transcend 
this limttanr height of 7,000 meters, by which all ascensions hitherto undertaken 
liaTe been boonaed I There is but one consideration whieh can make ns hesi- . 
tatc to answer affirmatively. We know not if man'^; })hy8ical constitution could 
adapt itseU' to a prcssnre much lighter than that of 311 miUimeteniy abont tWO- 
fifths of the mean pressure observed on the sea-shore. 



AN ^ACCOUNT OF BALLOON Ai>CENjilON3. 



BY MR. JAMBS OLAISHBR. 



[From the Lmdou Athenaum^ October , 1864.] 

Thb committee on balloon experiments was appointed last year for the fol- 

Inwiiig purposep : To examine tiie electric;)! cHuiition of the air at difffreut 
heiv^lits; to verify tlio law of ihr (locreapo of tcinpemture; and to coiiiparc the 
coii-stuiitaTin different i^tates of the atiuoaphcre. With respect to the fir^t of 
these objects no progress had heea made» with the exception of preparing an in- 
Btrumei it and apparatus for the investigation. At the i*equ^t of the committee Mr. 
Fletiiin^' .Tonkin nndertnok the constnictionofthc \n M iur^trumcnt for the purpose, 
and one wa6 fini^jhed towards the end of ISG.'J. bnt it was constructed to be used 
wi ih hre. It has since had to be adapted for water, a constant flow of which is u^cs- 
sary in electrical experiments in balloons. This apparatus Mr. Glai^er was re* 
Qoested by the committee not tonse» as they felt that these instruments, if exert- 
mg no intiuence while the balloon was risinp:, niip:ht, when it was falling, throw 
considerable doubt on the experiment.s relating to humtdily. With respect to the 
gccond of these objects, the verifying the law of the deereiwe of temperatiire-in 
diilVrent states of the atmosphcfOr the committee considered would be best at- 
tained ISytaking as many oraervations as possible at times in the year, and at 
times in the day, at which no experiments had been made, for the purpose of 
detenniniiig whether the lawii which hold p^ood at noon apply equally well at - 
all other time^ of the- day. The committee have always pressed the importance 
of luat^netic observatiuuri in tho liigher regions of tlie air — the Astronomer Royal 
suggesting the nso of a horizontal magnet, and taking the times of its vibration 
Bit different eleyations, a metliod which is seldom practicable, owing to the al- 
most constant revolution of the balloon. To obviate this, Dr. Llojd sugrjreFted 
the ii!*e (»f a dippinfr-needle, placed horizont.-illy when on the ground, hy meanS 
of a magnet above it, so that, when in the i>uliuon, the deviation from horizon- 
tali ty might be noticed, and whieh deviation would be independent of roiary 
motion of the balloon. The latter method has not yet been tried, Br. Lloyd 
wishing some experiments to be made before the instrument was constructed. 
At Newcastle a very general wish beinjr expressed that very high ascents 
should not again be attempted, none above tive miles had since been made. Mr. 
Glaisher then gave an account of the ascaits made by him during the past year. 
The first was mm Newcastle, on the Slst of August. The balloon left the earth 
at 6h. 11m. p. m., with a north wind, and descended at five minutes past 7, at 
Fittini^f near Xhirham. The decrease of temperatme within the first ^00 
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feet of the earth in this ascent was very remarkable, no ench rapid decrease 
having "been fouucl iu any otLor Asc^^its. On the ground tlie temperature w;%-> 
64°, and by the time 20U feet had been attained, a decrea&e of 8 de^rec& bad 
taken place, the temperature being 56°. From this height to 1,200 icet there 
was biit little ehange* and above thia the tempentoiedemaaedfrom 2^ to3i|''iit 
each aaceeediag 1,000 feet up to 7,000 fiaet, wnen the balloon entered a relativelj 
warmer current of air. The Bccond ascent, on the 29th of September, 1863, was 
from Wolverhampton. The gas on tliia occasion had been pre})ared in July 
exprcikily for a high ascent intended to haVe taken place bt^bre tiie Newca<»tie 
meeting, bat circnmfltanceB prevented thia being niaae,^aiid the gas was olSi^ 
ingly stored in the gasometer by the directora of the gaa-worka. The ballocQ 
lefl at 7h. 43m. a. m., wind SW. At 8,200 feet there were two layers of clouds 
below the balloon and very den^e clouds above. When at 11,000 f(M>i tlie cloud? 
were still a mile higher; there was a eea of blue-tinged cloud beluvv, and petrps 
of the earth was seen through the breaks. At 13,000 fe^- high douda were 
atill above ; bat after this they began to dissipate, and at 9h. 38m., at 14,000 
feet, the i^uu Hhone brightly. Ten minutes afterwards the travellers discovered 
the W ish at a difitance of only ten miles, and were compelled to descend. A 
Bouihwest fz^iile wan blowinj^, and so stHmg" was the wind that on the gmpnels 
takiug the gruuud uear Sleaford, at lOh. 30m., the balluou wad reut from Lou to 
bottom. In this ascent warm cmrenta were met with at 8,000 and 13,500 feet 
In th(> de^ceiit a warm corrent was passed through, extending from 14.000 to 
0,000 feet. Temperature at the p^-ound on leaving 48°; at time of descent 
On paBftiiig out of the mist at 3,000 feet the humidity declined to ;>S^ at 8,000 
feet. Here there were dense clouds above and below. At 9,000 feet the bo- 
miditf waa 71^, and then the air became snddenly dry. The thfrd aaeenft was 
made from the Crystal Palace, at 4h. 29m. p. m., on the 9th of October. In sev- 
enteen minutes it was 7,300 feet high, and directly over Loudon Bridge, and all 
the vast number of buildings, compri^int^ the whoff of Loiidon, could be clearly 
. seen. There were neither warm nor cold currents met with on this day. The 
secsetary of state for war having granted permission to the committee to avail them- 
seWesof the fadlitiea afforded in the Royal Ar8enal,at Woolwich, tbe aseent of the 
1 2th of J anuary was made from thence. It was intended to have been made on the 
2l8t of December previous, and from time to time the balloon had been partially in- 
flated. It left at 2h. 7m. p. m.,and in 14 minutes bad crossed the Tilbnry niil- 
47ay, and was over Uaiuault forest. At 3h. 31m. the height of 12,000 feet was 
attained, when the balloon began to descend, and touched the ground at 4b. 10m. 
at Lakenheath. On the; earth the wind was S£. At 1,300 feet a strong SW. 
current v>'.i?, entered, in which the balloon continued up to 4,000 fe< t, when the 
wind elian^red to S. At 8,000 feet the wind chan|2:ed to S.SW., and ain*rwTrda 
to S.SE. At 11,000 ieet fine granular snow was met with, and the bajio«»n 
passed through snow on descending tUl within 8,000 feet of the earth. C loads 
were entered at 7,000 feet, whidi merged at abont 6,000 feet into mist. Tbis 
ascent is the only ')ne ever made in Janvaiy fer scientific purposes. The fifth 
nfcent wnf de«igncd to have been made as near the 2l8t of March as po??ib!e. 
T)nt through advers^e weather wan deferred to the Gth of April. The balloon 
left Woolwich at 4ii. Vm. p. ra., with a SE. wind, ainjending evenly at the rate 
of 1,000 feet in aboot three mhmtes, tiD 11,000 feet was attained at 4h. 37m. 
It descended into Wilderness Park, near Sevenoaks, in Kent Its ooorae wis 
raopt remarkable, having passed over the Tbnraes int(^ E^sex. The balloon, nn- 
known to the aeronantn, must have repassed the river and moved in a din^cily 
opposite direction, and so continned till it approached the earth, when it again 
moved in the same diteetion as at ferst Tbe ascent is remarkable fer tbe amaD 
decrease in temperatare with increase of elevation. Tbe air, at tbe pofod of 
pfartin<;, was 45^°, and did not decline at .iN till after reaching 300 feet, aftar 
which it decreased gradoallj to 33° at 4,300. A warm comnt was then en* 
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tered, and the temperature increased till 7,500 feet was attained, when 40^ 
were aitained, being the same tm had been experienced at 1,600 feet. Xt 

then decreased to 34* at 8,800 feet, and then increased slowly to 37°, at 
1 1,000 feet, a temperature which had been experienced at iho. heights of 8,500, 
6,600, and 3,000 feet in ascendinc- After the great injury to the balloon on the 
29th of September, in addition tu ihe rcp^rs it had previuu^^ly undergone, Mr. 
Coxwell did not eonsider It, after the additional rough usage in llie last two , 
voyages, safe for extreme high ascents, and determined to build a new one, * 
which he did, capalile of containing 10,000 cubic feet more paa than the old one, 
BO that, if need be, two nli; crvers could ruMiend topt'ther to the height of five 
miles. A new balloon, however, necdi^ trying in low adcents until it proves 

§GL8- tight before it can be used for great elevations; and, on June 13, it was 
lierefore started on a small ascent mm the Crystal Palaee* at 7 o'clocsk— 4he 
sky cloudless, and the air perfectly clear, except in the direction of London. An 
elevation of 1,000 feet wsis reached in )\ Tninntr. '-.000 feet at 7h. 8m., when 
the balloon dcfCf^Tidod to 2,300 f<^t, and then rea?»cended to 3,400, when, after 
attlight dip, it again ascended to 3,550 feet, the highest point by 7h. 28id., and 
then, after Bome OBcilkitjonB, began Its downward coune at 7h. 60m. from 2,800 
feet, reaching the gfonnd at East HomdiMi, five miles from Brentwoodp at 8h. 
14m. — thf r(■^1ar^^;l!^1^ fcntin-c hi thirf voyage bring that, belov. 1 ,800 feet ele- 
vatiou, there was .scarceiy any change of tem^ieratiu-e until the earth was reached. 
This fact of no change in the temperature of the air at the time of sunset waa 
▼eiy rematkable, tor it indicated that, if anch be a law, the law of ^leaae of 
temperature with increase of elevation may be reversed at sight for some die* 
tance from /he earth. June 20, the balloon left Derby at 17 minutes past 6 
p. m., and desccndcfl THvir Ncwnrk. Jmie 27, the balloon ascended from the 
Crystal Palace at bh. 33^m. — the nky clondy, wind west. The descent was 
made on Romney Marsh, 5 miles from the shore. These several trial trips of 
the new baUoon were made, and it was gradually becoming gas-tight, when ite 
lamentable destruction at Leicester took place. The mayor of that town has 
recently presided over a mrethig for the purpose of collroting .subscriptions to 
assist Mr. Coxwell to rebuild a new balloon ; and we concur m Mr. (ilaisher's 
wish that the town of Leicester and the Foresters' Society wiii boon rcnwve the 
stigma resting upon tliem. Mr, Coxwell, since then, has had lecourse to the 
old balloon, winch he had repaured aa beat be eonld, and the next and last aa- 
cent of which Mr. Glaisher had to ppeak was made with it, on Angn.«t 29, from 
tho Crystal Palace, at 4h. fim. The differenro between the temperatures of 
the air and those of the dew-point in this ascent was rather remarkable. The 
most important point in the past year's experiments are that, though the 
law of deciease of tempemtnre nnder ordinary circumstances in the summer 
months is pretty well determined, wo cannot say such a lawholds good through- 
out the yrnr ; nor can we say that the lawH wliicli nro in force during the Jjiy 
will be in force at night. In carrying out these experiments Mr. Glaisher said 
he had freely given up all his leisure, and that Mr. Coxwell hud done the samo 
in a most nnselfish manner. Indeed, had it not been for the generous spirit in 
which Mr. Coxwell bad entered into these experiments, they never conld havtt 
been made^ except at a multiple of the cost that had been ineimed. 
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AH AOOOnST 
or 

THE ABORIGINAL INHABITANTS 

or 

THE CALIFOBNIAN PENINSULA, 

AS GIVEN BY 

lACOB BAEGERT, A GEBMAN JESUIT MISSIONARY, WHO LIVED TliEttE SEYBiVTEEN 
YBABS DUBING THB 8BC0N0 OALP OP THB LAST CBNTDBY. 



XBAJISLATSD Alio AUUXGEO'JOa THE .«MITKSOMan t>^TiTUTIoy UT CH4ALU KAO, Or NBW YORK OTt. 



INTRODUCTION. 

Whex, in 17G7, hy a decree of Charles III, all merabrrs of the order of tbe 
Jesuits were banished from Spain and (l)e trausatlaiitic pruviucej^ Ptibjrct to that 
realm, those Jesuits who superintended the missions established by the bpauiarda 
since 1697 in Iiower CaHfornia were compelled to leave tlieir Indian converts, and 
to transfer their spiritual authority to a nomber of friars of the Franeiaean order. 
One of the baTii>lio(l Josiiitj>, a German, who had spent seventeen years in the 
Califomian peninsula, publi^ihf'd, after his return to his native country, a book 
which contains a description of that remote part of tbe Araenean continent, and 
gives also quite a detailed account of itd aborigiual inhabitants, with whom the 
author had become thoronghly acquainted during the many yean devoted to 
their conversion to Christianity. This book, which is now very scarce in 
Germany, and, of course, still more so in this country, bears the title : Account 
of the Amenran Peninsula f>f California : with a two/hU Apj>enflix of False 
IxfjwrLt. JVriffm hy a Pntsl (f tlie hocifty of Jestu\ wiio iictd there many 
ymrs nasi. Published with the Fermission of my Superiors. Mannheim^ 1773.* 

Modesty, or perhaps other motives, induced the author to remain anonymous, 
but with liulr access; for his name, which was Jacob Baegert, is sometimea 
met with in old catalogues, in connexion with tlic title of his book. That his 
Lome was on the Upper Rhine he stnteR hira^olf in the text. l>Tn further par- 
ticulars relative to his jirivato Jiflaiif*, before or alter his niii'.-ioaary labored in 
California, have not come to my knowledge. He d{>eti not even mention over 
which of the fifteen missions existing at his time on the peninsula he presided, 
but merely 8a3rs that be had lived in California under the twenty-fifth degree, 
and twelve leagues distant from tbe Pacific coast, opposite the little bay of St 
Magdalen. On the map accompanring his work there are two missionary 5ta- 
tions marked under that latitude — the mission of St. Aloysius and tbat of the 



• Nachrichten ron dc r Amerlkanischen Hull)iu5i'l Califomien: mit oinom zweyfacliea 
Ashan^ Falschcr Nachrichten. Gcschrieben von eincm Priestcr dcr Qosellschaft Jesn, 
wolchcr lang duina disia klitoia Jahr gelalMt hat Mit firiaw bm m dv Obsna. Maaa* 
helm, 1773. 
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iSeven Dolors, (iSoptcm JDoionun,} of which the first named evidently was his 
place of residence. 

The work in question comtitntes a small octavo Tolnme of ZSS pages, and is 
divide l into thn e part8. The fir6t dlvisioa (of wliieh I will give a short 

synop^i.-i \\t tlii-i introfliu tion) tiTat.> of the topography, physical geography, 
geology, ami natural hi.-toi y ft the pcninaiii.i ; the second part gives an account 
of the inJiabitants, and the third embracea a ohort but iuiiiiusting history of the 
miijsions iu Lower Califomia. In the appendices to the work the author rentes 
certain exaggerated reports that had heen published concemiug the Galifomiaii 
peuiuf^ula, and he ia particul.iily ve ry severe upon Venegas^ " Xoticia de la 
CalifiM tiia." (Madrid, llol, "i voU.,) a work wliiili in also translated into the 
Englisli, Fi( iieh, and German languages. Hf a( ru.-cs the iSpaniFh author of 
having given by far too favorable, and, iu mauy inetancca, utterly false 
accounts of the country, its productions and inhabitants, which is rather a 
notieeahle circmnstaoee, since Venegat is considered as an authority in matters 
idating to the ethnology of California. 

While reading the w.nk of the Gcrrann missionary, I wa** struck with the 
amount of rtlmolnpriral int'ormation contained iu it, especially in the second 
pari, which is exclusively devoted to the ahorii^rinal inhabitants, as stated 
before ; and upon convcrBing on the subject with souie friends, members of the 
American Ethnological Society, they advised me to tr;inslato Ibr publication if 
not the whole book, at least that part of it which relates (o the native popula- 
tion, of which wc know, comparatively, perhaps less than of any other portion 
of the indijreiiou}* race of Nortli Amrrica. A>' tlirre i^ a gro'n ;; taste f'nr the ^ 
Ftndv of < Lliiioi»>gy manifested in ihii couuiiy, aud, coiiBe(|iiculiy, a tendency 
prevailin;^ to collect all materials illustrating the former condition of Ameri- 
can aborigines in different parts of the continent, I complied with the n quest 
of my friendt), and devoted my hours of loisnre to the preparation of this ; rrle 
work, suppoijing that the account of a man who liverl among those California:; ^ 
a century ago, when their on'o^inal Btai*- li ul heen but little chanj^ed by inter- 
con r.-^e with iCuropeans, might he an acceptable addition to our stock of 
eliiiiological kuow ledge. 

I have to state, however, that r the following pages are not a translation in 
the strict sense of the word, bnt a reproduction of tlx v, ork only as far as 
refers to ethnological matters. The reasons which induced mc^tlius to deviate 
from tlio tisual course of a translator are obvious; for even that portion of the 
text which treats of the native race contains many thiiiirs that arc n(*i in the ' 
least connected with ethnology, the good father being somewhat garrulous and 
rather fond of moralizing and enlarging upon religious matters, as ndght be 
expected from one of his r ill'ag; and, although he jdacos the natives of tho 
peninsula exceedingly low in the scale of human development, he takes, never- 
theless, occil-^ ion to draw comparisons between their barbaric simplieity and the 
over-retined habits of the Europeans, much in the manner of Tacitu;*, who seizes 
upon every opportunity to rebuke the luxury and extravagance of his country- 
men, while he deseribes the rude sylvan life of the ancient inhabitanto of Ger- 
many. My object being simply to rescue from oblivion a number of facto 
velatiog to a portion of the American race, I have omitte<l all superfluous com- 
mentario-* indulged in by the anthor, and, in order to hrinp^ kindred subjects 
under common heads, I have uow and then nr-od some freedom in the nrrnnfre- 
mcnt of the matter, which is not always properly linked ia the original. 
Although the second part of the book has chiefly furnished the material for 
this reproduction, I have transferred to the English text, and inserted in the 
proper plaers, all those passages in the other divisions, and even in the two 
appendices that h ivc a bearing upon ethnolojry, giving thus unity and com- 
pleteness to the subject, whicdi indnccd nic to prepfire tlieso yiaift'S. For the 
rest X have preserved, so far as feasible, the lauguago of tlie autiior. Not 
23 8 
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much cau be bald, however, lu i'a.vor of the »iy\e cxliibited in the origiual, and 
even the spcllii^^ of the words defies all rules of orthograpUj, which wera 
adopted a century ago in the German langoagc ; nor is our father unaware of 
his (leficiencioB, but bouestly BtatcB in his preface that **if his style was none 

of the ^^mootlI<^-t, ainl hi.^ orthograplij hicorrcct in some place^. the reader 
miglil r(jur-i<li r lluii (iui iiiji; the .-cveuteeu years of his sojourn in Caiifomia, 
comprit^itig liic pciiuii from 1701 to 1768, ha hardly eFer had conversed in 
Qerman, and, consequently, almost forgotten the use of hia mother language." 

Of the peninsula Father Baegert gires a rather woeful account. He deaeribes 
(hat region as an arid» mountainous country, covered with rocks and Baild» 
deficient ill water, a?i(l n!mo:»t without nliade-trees, but abounding in thorny 
plants and blnult^ tit" various kinds. The sterility of the eoii is caused by ibo 
Bcauiiness of water. "No one/' says the author, "need be afraid to drowu 
himself in water; hut the danger of dying from thirst- u much greater/' There 
fidls some rain, accompanied by short thunder-storms, during the months of 
July, August, September* and October, filling tlic channels worn iu the hard 
ground. Some of these soon become dry after the i^liower?; otli< r.-, however, 
hold water during tlje whole year, and on these and ibc staj^rn.mr w.itor col- 
lected in pools and ponds men aud beasts have to rely for driuk. Of running 
waters, deserving the name of brooks, there are but six in the country, and ot 
these six Only four reach the sea, while the others lose themselves not very tu 
from their sources among rocks and sand. There is nothing to be seen in 
Lower California that may be called a wood ; only a {( \v stragfrling oaks, 
pines', and Home other kinds of trees unknown in Knropr, are met with, and 
these are conlined to ceriain lucalitics. Shade and material fur the carpenter 
are, therefore, very scarce. The only tree of any consequence is the so-called 
meequite; but besides that it always grows quite isolatea, and never in groups, 
tlie trunk it very low, and the wood so hard that it almost defies the applicap 
tiou of iron tools. The nnthor mentions, further, a kind of low Brazil wood, a 
tree called ])aIoblanco, tlie ])ark of which serves for tanning ; the palohierro or 
iron-wood, which is siiil harder than the mesquite; wild fig trees that bear no 
fruit; wild willows and barren palms, "all of which would be ashamed to 
appear beside a European oak or nut-tree." One little tree yields an odoriferoot 
^um that was used in the Oalifomian churches as frankincense. But in eom- 
pen?ation for tjic absence of lar^-e tree?, tlu re U a prodigious abundance of 
prit k!y plants, sonr^ of a f!;i<rantie height, but of iiltle practical use. their t^oft, 
Bpjugy sienirt boon rotting aticr being cut. Among the iudigeuouji ediMe pro- 
ductions of the vegetable kingdom arc chiefly mentioned the tunas or ludian 
figs, the aloe, and the pitahayas* of which the latter deserve a special noties 
as fni ming an important article of food of the Indiana. There are two kinds 
of this fruit — the Hweet and the sour pitahaya. The former is round, as large 
as a hen's egg, and has a grer-n. tliirk, jaicklj' shell that covers a red or white 
flesh, iu which the bhick stnds are scattered like grains of powder. It i? 
described aa being sweet, but not of a very agreeable taste without the adduioa 
of lemon juice and sugar. There is no scarcity of shrubs bearing this tnaU 
and from some it can be gatle red by hundreds. They bc'- >ni ■ mature in the 
middle of June, and continue for more than ei«^ht weeks. The sour pitiihaya, 
which f^rows on low, creeping bn^he«, hri^flit?*^ with long j^pines, i*? raneb 
larp^er than the other kind, of excellent t.ist<:, but by far less abundnnf ; lor, 
aliliough the shrubs arc very plentiful, there ii hardly one among a haudred 
(hat bears fmit Of the alo6 or mesealc, as the Spaniards and Mexicans call 
it, the fihros are used by the alxn i ' -n^ in lieu of hemp, for making threads 
and iftrinj^fi, and its fruit id eaten by them. 

A vfTv enrion^ portion of th'^ book U tli it whieh treats of the aTiimals found 
in Caliloruia. U in; antlior i.-i evidently not mneh of a naturalist, aud, in cla.'^?!- 
-s^yiug animals, he mouifcsLs occasionally a sovereign iudepeudeuce that wuaui 
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shock the feelinga of a Blumeubach or Agaasiz; yet his remarks, retiultiug from 
Mtnal obseirattODf are for the most part correct, uud cviuce undeniably his 
lore of truth. In the list of wild qnadmpeds are ennmerated the deer, fa«ie» 
rabbit» fox, coyote, wild cat, skunk, (Sorillo,) leopard, (American paniher*) 

oiiza. fiTid wild ram. lii rcfcrfncf! to the last-namod animal tin- author remarks: 
** Wheni the chain of mouiUainB tli.it mim lengtlnvi-io through the whole j)enin- 
^ eula reaches a coaeiderablc- height, there are Inmid animals re8embling our 

* laiDB in all resMeta, exeept the horns, which are thicker, longe r, and much 
more curved'. When pursued, these animals will drop themselves from tlM 
highest precipices upon their home without receiving any injury. Their num- 
ber, however, cannot be preat, for I never Paw a living apecimen, nor the fur 
of one in the poj^ae^-inn ot aii Indian; but many ekiri;' of leopards and onzas." 

This animui is Uoubik'i*s identical with the liocky Mountain sheep, ( Oots 
moiUama.) 

The feathered tribe does not seem to he very plentiful in California, sinee, 
according to l ather Baegert, a person may travel one or two days without see* 
lug other birds butoccasionnlly a hlthy vulture, raven, or "hat." Amorp: the few 
which he observed are the red-bird, (cardinal) l)hie-hird, linmming-hird, and 

• an "ash-colored bird with a tail resembling that of a peacock and a beautiful 
tnft on its head;" also wild dneks and a species of swallow, the latter appear- 
ingonly now and then in small numbers, and therefore considered as extraneous. 

There arc some small fish found in the waters of California; but they do not 
amount to ranch, and durin;:^ lent the father ol»tain(d his supply from t?ie 
Pacific, di-?taut 12 leagues from his habitation. On the other day.s of absiintiicc 
his meal usually consisted of a "little goat-milk and dry beans> and if a few 
eggs were added* he cared for nothing else, but considered himself well enter- 
tained." 

Under the comprehensive, bnt not very scientific head of ** vermin*" the anthor 

enumerates snakes, scorpions, centipedes, linge fpiders, toads, wasps, batn, ants, 
and grai*s hoppers. TlM':*e vermin seem to have been a great annoyance to the 
good missionary, especially the snakes, -of which there are about twenty differ- 
ent kinds in California, the rattlesnake beuig, of course, the most conspicuous 
among them. This dangerous reptile, which seems to be very numerous in that 
tf^on, is minutely and corn ctly described, and, as might be expect^, there 
are also Home " fnake Ptoricri" related. One day when the author wan. about 
to .shave aud took liis ra/.or.s from the upper board of his book-eheif, he di.-cov- 
ered there, to his iiorror, a rattlesnake of large size. He received likewise ia 
his new dwcll|^g-house, which was a stone building, frecj^aent visits from scor- 
pions, large^entipedes, tarantulas, ants and toads, all preoautions being unavail- 
ing against the intrusion of these uninvited guests. The grasshoppers are rep- 
resented as a real pnhlic calamity. Migrating from the southern part ot" the 
penin^uhi towards the north, they deluge the counrry, ob.<«curing the sun by 
th»'ir numbeii?, and causing a noise that resembles a strong wind. I\evcr devi- 
ating from their line of march, they will climb houses and churches encountered 
during theur progress, laying waste all fields and gardens over which their per- 
nicious train pat^ses. 

Of the climate in California the author ppeakr^ well, and considers it as both 
healthy aiul aj::;reeable. Beini: only one degree and a hfilf distant from the 
Tropic of Cancer, he lived, of cour.-5e, in a hot region, and he remarks with ref- 
erence to the high temperature that some thought the naiHe '* California" was 
a contraction from the JLatin words calida Jomaa^, (hot oven,) without voudiing, 
however, for the correctness of the derivation, though he is certain that the ap- 
pellation is not of Indian origin. The greatest heat begins in the month of 
July aud lasts till the middle of October; but there is every day in the year 
quite a refresshing wind blowing, which begins at noon, if not sooner, and con- 
liuues till night. The principal winds arc north west aud south west ; the north 

J-' 
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wiud blows only now and tbon during the winter montbs*, but the e^t wind 
liardly ever, the Utter cireumrftauce being somewhat surprising to the author, 
I who obseri^ed that the clouds are almoflt inTaiiablj moving from the east. He 
never tbnnd the cold severer than during the latter part of September or April 
on llxi banks of the Rhine, where, after hir? return, the per?«cvprinj:j coldnr«H of 
winter and clon<le(l atuiosplifrc during th;it pcriotl made iiini loii;^ for the mild 
temperature aud always blue and serene »ky oi" the country he had left. Yogi 
in the moraiDg are fre<}uent in California, and occur not only during &11 Mnd 
winter, but also Boroctimeo in the hot season. Dew is said to be not more fre- 
quent nor heavier than in middle Europe. 

Though the author repre^'enti' Oaliforni i n dry, sterile country, where hut 
little rain falb, he admitn that in iho.-se iyoiati^d parts where the proximity of 
water imparts humidity, the aoil exhibits an ]istoui:^hiug fertility. "There," be 
fays, *' one may plant what be chooses, and it will thrive ; ibere the earth yields 
fSrnit a hundred-fold, a.^ in the best 'countries of Europe, producing wheat and 
mni/.c, rice, pumpkins, water and otle r melons of twenty pounds' weii^ht. cot- 
ton. IcmouH. oran^'fs, plantains, puiu<';;r tnates, excellent Hwert grapi-s, ulives 
and figs, of which the latter cau be gathered twice in a huiumer. The same 
field yields a double or threefold harvest of maize, that grows to prodigious 
height, and bears sometimes twelve ears on one stalk. I have seen vines in 
California that produced in the second year a medium sized ba.««ket full of 
grapf": in the third or fourth yf>ar some ar^* a? thick as an arm, and shoot forth, 
in one season, eight and more brandies of six i'v.et length. It is only to be re- 
gretted that such humid plact^s are of very rare occurrence, and that water for 
irrigating a certain piece of hmd sometimes cannot be found within a diatanee 
of sixty leagues." 

• In the 1 i-t ih;ipter of the first part the author gives an nccoinit of the pearl 

fishfrief* and sih i r mines carried on in Ijower Califorrna whilti he was there. 
Both kinds of enterprise arc represented as iusignidcaut and by no me. ins very 
.profitable. " Every summer," he sivh, "eight, ten or twelve poor Spaniards 
from Sonora. Cinaloa or other parts oppo.>«ite the peninsula, cross the Gulf in 
little boats, and ene imp on the California shore for the purpose of ohtaining 
pearls. They carry wiili them a snpply of Indian corn and some iiundrcd 
weight of dried heel", and are accompanied by a uumbi-tr of Mexican Indians, 
who serve as pearl fisherB» ibr the Califomians themselves have hitherto shown 
no inclination to. risk their lives for a few yards of cloth. The pearl fishen 
are let down into the sea by ropes, being provided with a bag for receiving the 
pear! oysters wliirh rliry rake from the roi ks and thf bottom, and when they 
can no longer hold ikc'w breath, they are puiied up again with flieir treasure. 
The oysters, without being opened, are counted, and every fifth one is put aside 
for the king. Most of them are empty; some contain black, others while peails» 
the latter being usually small aud ill«shaped. If a Spaniard, aft<.T six or 
eight weeks of h ird latH)r, and nfrer deducting,' all expenses, has ;x-ainrd a hun- 
dred American //f .^js (that is 500 French livres, or a little more than 2i>0 lUion- 
ish florius — a very small sum in America !) he thinks he had made a little for- 
tune which he cannot realize every season. God knows whether the fifUi part 
of th(^ pearls fished in the Californian sea yields, on an average, to the Catho- 
lic kin^^ ir»0 or 200 pesos in a year, even if no frauds arc committed in the 
transaction. I lH\ard of only two individuals, with whom T was alsn pors«^nally 
ac^uamlcd, who had accumulated some wealth, after spending twenty and more 
years in that line of business. The others remained poor wretches, with all 
their pearl fishing." 

There were bnt two silver mines of any note in operation at the tine of 
Ba''jrert'9 sojourn in California, and those? had been opened only a few year? 
previous to his arrival. They were sit natrd in the di.^trii ts of 6t. Anni ami 
m» Antonio, near the aoutheru eud of the peninsula, aud only three iea^udd 
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distant from each otlu-r. f^iirTiii^ f">r nilvcr iu Califoinia is not repredentot] as 
a lucrative butjincdii, tliu ovvnci oi one ui' the miuoa bciug so poor that ho Iiaci 
to beg for hiA travelling money when he was about to return to Spain. Tho 
proprietor of the other mine was iu better circuiniitancea, but he owed his wealth 
more to other speeulations than to his subterranean parsuitt). The mining 
population in the two di^'tiict-^* amounted to 400 j5oa!ji, womon and children in- 
cluded, and the workmen weie eiilier Spaniards born iu America, or Indians 
from the other ijidc of the Californiau gulf. The external condition of these 
people is represented as wretched in tne highest degree. The soil produced 
almost nothing, and not having tlie necessary money to procure provisiond from 
tlio Mrxiciu -ide, they were Bometimc.-; compellfd to gather tbt ir food iu the 
tields, like the native Californianif. The author i-jn aki* of a localilj between 
the twciiiy-eighth and twenty-ninth decree, called iloi-ario, where gome sup- 
po.sed giild to exist* btt even admitting tlio fact, he thinks it would be almost 
impossible to work mines in that region, where neither food for men and beasts, 
nor water and wood, can be procun.'d. Near th<; mi.''^ion of St. Ignritius (28th 
degree) sulphur found, and on the island.-* of El ( ' irnifMi and St. Jtorjdi in 
the Califoruian gulf, and iu diifcicut places on both coa&td salt of very good 
quality is abundant. 

Having tbu^ given an abstract of the first part of the book, I cannot con- 
elude the^e introductory remarks without Maying a few words in favor of the 
, Jesuits. Wliatcver wo ni;iv think, aa ProK .-fants, of the tendencio.-< of (Viat 
order, w(! cannot but admit tliat those of its mcndicr?" came as^ mi.-^siuuaries 
to America deserve great credit ibr their zeal in propagaliiig a knowledge of 
tho conntries and nations they visited in the New v^orld. To the student of 
American ethnrdo^.'^y particuhirly, the numerous writings of the Jesuit fathers 
are of inestiia able value, forming, as it were, the very foundations upon which 
almost all bubsequent re^^earehes in ibat interesting; liidd of infjuiry are b:(i-'ed. 

"The missionaries and discoverers whom tlu; order of ilic Jesuits sent forth 
were for the most part not only possessed of the courage of martyrs, and of 
statesmanlike qualities, but likewise of great knowledge and learning. They 
were (aithusiaatic travellers, naturalists, and geographers ; they were the best 
matlii niattcians ^nd astrfninmevs of their time. They have bf en the first to 
give usi laiihful and cirenm^lantial aeronnts of the new countries and nations 
they visited. There are tew districts in the interior of America concerning 
which the Jesuits have not supplied us with the oldest and best works, and we ' 
can scarcely attempt the study of any American language without nu eting with 
a grammar composed by a Jesuit. In addition to their chapels aud colleges in 
the wilderness, t!ic Jr'snits likewi^sf erected fd»s<a vatnries ; and there are few 
rivei*s, laki s, and mountiiius in the interior, which they have not been the hrat 
to draw upon our maps.'* 

With this well-dcservod eulogy, which is quoted from Mr. J. G. Kohl's re- 
cent w ork on the discovery of America, I leave to Father Baegert himself the 
(ask of relating his experiences among the natives of Lower California. 



AN ACCOUNT OF THE ABORIGINAL INHABITANTS OF THE 

CALIFOBNIAN PENINSULA. 

CHAPTER I. — THE hTATlTlK. COMPLEXION, AND NUMHKH OF THK ("ALIFORNIANS J 
ALSO, WHRNCB AWD HOW THBV MAY HAVB COMB TO CALIFORNIA. 

In physical appearance the Califoruians resemble perfectly the Mexicans and 
other aboriginal inhabitants of America. Their skin is of a dark chestnut or 
elove color, passing, however, sometimes into dilTercnt shadest some individuals 
Itdng of a more sWartby complexioD> while others are tan or copper colored. 
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But in uow-boro cbildren the colur in much paler, eo that lliej kardlj can be 
distiuguisbud from white childrca when presented for baptism; yet it appew 
8000 alter birth, and aasnmes its dark tinge in a short time. *X%e hair is blaek 
as pitch and straight, and Bcldom turus gray, except Bometimes in cases of 
extreme old :ij]^e. Tlicy are all bearflless, and their eye-brows are but Fc.intily 
provided with hair, ihc lieads of children at tb( ir birth, instead of being cov- 
ered with scales, exhibit hair, Bometimcs half u hiiger lung. The teeth, though 
never cleaned, are of the whiteness of ivory. The angles of the eyes towards 
the no8e are not pointed, but arched like a bow. They ace well-fonned and 
well-proportioned jx nple, very Bupple, and can lift up from the ground t?ton» 
bout'?, and e^imilar iliingn with the big and second toes. All walk, with a !• w 
exceptions, even to the most advanced age. perlcctly straight. Their children 
stand and walk, before they are a year old, briskly ou their feet. Some arc tali 
and of a commanding appearance, others small of statur^, as elsewhere, bat no 
corpnleut individuals are seen among them, which may be accounted for bj thdr 
iiMiincr of living, for, being compelled to run mnch around, they have no chance 
01 /rowing stout. 

lu ii country as poor aud sterile as Califoruia the number of iuhabitanti^ can- 
not be great, and nearly all would certainly die of hunger in a few days if it , 
were as densely populated aa most parts of Europe. There are, consequently, 

very few Californians, and, in proportion to the extent of the country*, almo^ 
as few, as if thoro were none at all; yef, nrvcrthcloss. thvj dccnasr* annually. • 
A person may travel in different parts four and m(»re days without seeing a 
vinglc human being, aud I do not believe that the number of Califuniians from 
the promontory of St. Lucas to the Bio Oolotado ever amounted, before the 
arrival of the Span! irds, to more than forty or fifty thousand souls.* It is 
certain that m 17G?, in fifteen, that is, in all the mir^sions, from the 22tl t"> the 
31?*t doj^rec, only twelve thouisand have *been counted. But an in.->ignihcaut 
poptdaiiuu und its aunual diminution are not peculiar to California aloue ; both 
are common tb all America. During my journey overland along the east side 
ot the Californian gulf, from Guadalaxara to the river Iliaqui, in the Mexican 
territory, a distance of four hundred leagues,! I Saw only thii ict n pniiill Indian 
^^lla2:ep. and on most days I did not mn-t a livin"; Hoiil. FimIht Cliarlo-v oix, 
before setting out on a journey tlirough Canada or New France, w rites iu his 
first letter, addressed to the Duchess of Lesdiguit^res, that he would have to 
travel sometimes a hundred and more leagues without seeing any human beinga 
besides his companions. | 

With tho oxcopfifin nt" Mexico and f*ome other countries, North America wn?. 
even nt tljo time i-f iho di>covciy, almost a wilderness when compared with 
Germiuiy and France; and this is still more the cate at the prt-sent time. 
Whoever has read the history of New France by the above-named author, at 
has travelhd six or seven hundred leagues through Mexico, and, besides, ob- 
tained reliable infonnation concerning the poi)u],uion of other provinces, can 
easily form an estimate of the number of native inhabitants in North Amorica; 
aud if the southern half of the New World does not contain a hundred times 
more inhabitants than the northern part, which, relying on the authority of men 
who have lived there many years and have travelled mnch in that countiy, I 
am fir irom believing, those European geographers who njieak in their books of 
300 millions of Americans are certainly mistaken. Who knows whether they 

. a — , , 

•\VH.«-liiijpton Inrinfir Mntcs tlipv hml numbered from 25,000 to 30,000 ?ouh rrhen the flr^t 
misdiouH woe cstabliMeii; uu what auiiiontr I do not know. — Adventures of C'apiatit B4fU' 
nttUle, (ed. of 1801,) p. 332. 

iStaHiUa, — I tiuDslute tius word by "league," though the Franch itcae is a little hngm 
Chao the Gerinaa $tuttde. 
X Histolia da la Nouvella Fyance,.par to P« de Chartovoiz. Paris, 1744 ; voL v, p. 66 
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would find in all more than fifteen or twenty millions t The many hundred 
languages which are H])ok( n in South America alone are a sure cviJonee of a 

Bcanty j)0])tilation, although the coutrary iniglil lio iiifcrrod aT fir.-^t s;}:;ht; fnr, if 
thi n- were more pi ojilo, thfro would be more cummuuity among themt the tribci 
would live closer together, and, aa u result, there would be fewer languages. 
The Ikas in my district speak a language different from tliat of the other peopla 
in my mission ; hut I am pretty sure that the whole nation of these Ikaa never 
amounted to five hundred persons. 

It u easy to compreln lul why Amoric.i i.^ .^o thinly populated, the mnnnrr of 
living of the iuhabit uil- nul tlirir l oniintial Avars among themselves being tho 
caUfii^ of ih'iA deticicncy ; L>ut how it comes that, since the dii«covery of the fourtii 
part of the world, its population is constantly melting down, even in those prov« 
inces where the inhahitants arc not subjected to the Europeans, but retain theur 
full, unrestrained liberty, as, for instance, according to 1' ather Charlevoix, in 
Louisiana, (that is, in thf* countries eiituated on 1)olh ^^idfi^ of the Mi-.^ir^ippl,) is 
a question, the Bolution ot" w iiich T leave to otherf-, conti ntin;; mysi li with what 
IS written iu tliu Ptsalmi^, uamely, that the increase or diminution of the human 
race in different eonntries is a mystery which man cannot penetrate. 

However small the number of Califomians is, they are, nevertheless, divided 
into a great many nations, tribes, and tongues* If a mission coutaius only one 
thnti^and pf>ul-, it may easily t uibrace as many little nations among its parish- 
ioners ass iSw itzi rlund counts cantons and allic-. My mission consisted of 
Faurus, Alshv-mes, Mitshirikutamais, Mitshirikuiearus, Mitshirikularuanajercs, 
Teackwlktf, Teeuguabebes, Utshia, Ikas, Anjukwares, Ut»hipujes; all being 
different tribes, but hardly amounting in all to five hundred souls. 

It might be asked, in this place, why there existed lif n ra missions on ihm * 
peninsula, sinoo it appeur^s tliat 12,000, and even more, Indians could be con- 
veniently sujx rinicnd* (1 and taken care of by three or four priests. Tlie answer 
is, that this might be lea&ible in Germany as well as in a hundred places out of 
Europe, but is utterly impracticable in California ; for, if 3 or 4,000 Califor- 
nians wero to live together in a small district, the scanty means of subsistence 
nfT^rded by that sterUe country would soon prove insumdent to maintain them. 
lie>iil( s, all of tht^e petty nations or triln s have tlicir own eonntries, of wliich 
they are as much, and sometimes even more, enamored than other people of tht ir«, 
BO that they would not consent to be transplanted fifty or more leagued trom 
the place they consider as their home. And, further, the different tribes who 
live at some distance from each other are always in a mutoal state of enmity, 
which would prevent them from living peaceably together, and offer a seriouf 
obstacle to their bring enclosed in the same f-dd. In time of poneral coni;»gioufc 
disea-ier*, lastly, which are of no uufrequent oecurreuce, a single priest could vlOk 
perlbrm his dutiea to tiieir full extent iu visiting all his widely scattered patients, 
and administering to their spiritual and temporal wants. Hy parish couuteu 
£u less than a tiionsand members, yet their encampments were often more than 
thirty leagues distant from each other. Of tho languages arid dialects iu this , 
country there are also not a few» and a missionary is glad if ho has mastered 
one of them. 

It rcuuiiiis now tQ state my opinion concerning tho place where the Califor- 
niaus came from, and in what manner they effected their migration to the country 
they now occupy. They may have come from different localities, and cither 
voluntarily or by some accident, or compelled by necessity ; but that peopU 



*The author probably fell into tho verycoininon orror of confouoding dialects with laa> 
f^iinfT '*. Dr. Wjiitz, relying on I?tisclira?nin'8 linguistic ccsrarchp''. m*»ulions only three prin^ 
cipai lancuuges spokeu by thu uutlTu*« ot Lower CalitWiiiu, vi/.., thu Pcricu, Muoqui, uuU 
doehimi kinguages.— iljiMfvpoii;)^ m dar NatmndUUr van Dr, Xteoilvr Waiu* Leipsig, 1664 ; 
vol iv, p. m 
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sfaoold htt^n miffnited to Oalifbniia of their own free will, and wiihont eompol- 
'iion, I am unable to bolictve. America w vory large, and could easily support 
fifty tim(!8 its number of iuhabitants 6n mucl» better soil than that of California. 

How. then, in it credible that men should Imvf pitcliod, from free choice, their 
tcntH amidr>t the inhospitable dreariuees of these barren rocke I It u not impos* 
eiblc that the firRt inhabitants may have found hy aeeident their way acroee the ' 

. sea from the other side of the Califoniian golf, where the provineee of Oinaloa 
and Soil H I are situated; but, to my knowledge, navigation never ha^ been 
pnicticed l»y iho Tiidi nis of that coii-^f. nor i*« it in uao nmoiicc th*^ra at ^the 
pre sent time, l in ie is, lurtliermore, wiiliiu many lea^ueri towurd.s the interior 
of the country no kind of wood to be had suitable for the construction of even 
the emallest vessel. From the Pimeria, the northernmoet country oppo.^ite the 
peniuHula, a transition might have been easier either by land, after crossinj;^ the 
Rio Colorado, or by water, the sea being in this place very narrow ;ui.] of 
ielandi*. In default of boats they could efrfY>loy tlieir balsas or little latt- lumle 
of reedt», which are also used by my Calilbrnians who live near the sva, » uiier 

. for catching fish or turtle, or cnweing over to a certain iisland distant two leagues 
£n>m the Bhore. I am, however, of opinion that, if thci*e Pimeriamt ever had 
gone to California induced by curiosity, or had bi»en driven to that coast by a 
Btomi, th(^ dreary aspect of the country «oo!i would havn caused them to return 
without delay to th<'ir own country. It w.it* doubtlt'jj:* necessity that gave the 
impulse to the peopling of the peninsula. Nearly all neighboring tribes of 
America, over whom the Europeans have no sway, are almost without cessatioo 
at war with each other, as long as one psirty is capable of resistance ; biit when 
the weaker is too nivicli exhausted to carry on the fLiid, the vanquished iiiiii:i!ly 
leaves the country and settles in somo otin r p.irt at a sufficient distance Iroin 
its foes. 1 am, therefore, inclined to believe that the tirdt inhabitiUit*, whiie 
pursued by thdr enemies, entered the peninsula by land from the north side, 
and having found there a safe retreat they remained and spread themselves ont^ 
If th»'y hwrf any traditions, some light might be thrown on this subject ; but no 
Californi;m i^ acquainted with tho events that occurred in the country prior to 
his birih, nor does he even know who his parents were if he ahouid happen to 
have loat them during his infancy. # 

To all appearance the Oalifomians, at least those toward the south, believed, 
before the arrival of the Spaniards in then* country, that California constituted 
till' whole world, and (Iioy themselve? Ut* solo inhabitants; for tliey wtnt to 
nobody, and nobody came to see them, each liitlo people remaining within the 
limits of its small district. Some of those under my care believed to be de- 
rived from abird ; some traced theu* origin from arock that was lying notfikrfrom 
my house ; while others ascribed their descent to still different, but always 
equally foolish and absurd sources. 

CHAPTBa II. — TIIEIU UABITATIO.NS, APPAREL, IMPLEMENTS, jkiD UTKNSILS. 

With the exception of the churches and dwellings of the missionaries, which 

every one, as well as he could, and as time and circnm^tancef perniitted, built 
of stone and lime, of stone and mud, of huge uuhurnt bricks, or other materials 
and besides some barracks which the Indians attached to the missions, the few 
soldiers, boatmen, cowherds, and miners have now erected in the fourteen sta- 
tions, nothing is to be seen in California that bears a resemblance to a city, a 
village, a human dwelling, a hut, or even a dog-house. The Califoruiaus them- 
selves fpcnd their wlmle life, day and night, in the open air, tlie sky above thr-ra 
forming their roof, and the hard soil the couch on which they sleep. During 
winter, only, when the wind blows shai-i), they construct around them, but only 
Opposite the direction of the wind, a half moon of brush-wood, a few spans hi|^ 

Digitized by Google 



« 



THE CALIFORNIA^ PiiMIxSULA. 361 

afl a protection against the inclemenej of the weather,* showing thus that, iiot> 
withstanding their simplicity, they understand pretty well "how to turn the 

mantle towards the wincl."f It canuot bo otherwise with them; for, if they 
had houdeg, thf y v, ould be compelled to carry their dwcUingf* always with 
them, iik(^ r^nails ur turtlt'8, tiic ii('COf*!4ity of colh-ctin^ food ui^iiiff thoin to wan- 
der coui>ta,uLiy about. Thus they cauuot bluil eveiy Luoitiitt^ Itum the tume 
* nlaoe and retuni (hither in the oTeniog, since, notwithstanding the small num- 
ber of each little people, a small truct of hind could not provide them with 
provisioua during a whole year. To-d?iy iln- water will tail them; to-morrow 
thev liiive to go to s^oino loe.ility for ^' itli* liug a certain kind of ^^(•d that serves 
them food, and bo iIk v luitil to tlir K iii-r vvliat if writtifU of all of u^, uamely, 
that wc ehall have uo lixud abode iu ihi^ world, i am certainly not much mis- 
taken in staying that many of them change their night-quarters more than a 
hundred times in a year, and liaxdly sleep three times BuceesBivily in the sanM 
place and the t^ame part of the country, alwayd excepting iho^c who are con- 
nected with the mipbions. Wherev* r the ni;rht purprir^c.-^ tlir m th< v will lie 
down to isleep, not minding in the lea-rt the unci* aiiHin'.-H of the ground, or ap- 
prehending any iucouveuiencc irom reptileij and othvi vt imin, of which there 
is an abundance in this country. They do not live under the shade of trees, aa 
some authors have ^aid, because there are hardly any trees in California tlwt 
afibrd shade, nor do they dwell in earth-holes of their own making, as others 
have said, but Homotime-. and only when it raiiif*. they resort lo the clefts and 
caviticHi of luc kr. it tht y laii liitd such sheltering places, which do not occur 
as frequently as their wants ret^uirc. 

Whenever they undertal&e to construct shelters for protecting their sick from 
heat or cold, the entrance is usually so low that a person has to ere* p on handa 
and feet in order to get in, and the whole structure is of such small dimensions 
as to ronrh r it impo<.><il)lc to .-tand erect within, or to find room to i^it down on 
the ground for the purpose of confessing or t-onifortin^' tin- patient. Of no better 
condition arc the huts of those Indians who live near the missioni}, the Bame 
being often so small and miserable that man and wife hardly can nit or lie down 
in them. Even the old and infirm are utterly indifferent as to their being under 
shelter or not, and it happened often that 1 found old sick pci.-on-: lying in the 
open air, for whose accommodation I had caused huts to be built on the pre- 
ceding dav. i^o much for habit. 

Ai* the blue ^ky forms the only habitation of the CalifornUn Indians, so they 
wear no other covering than the brown skin with which nature has clothed theuL 
This applies to the male sex in the full sense of the word, and even women have 
been found in the northern parts of California in a perlect state of nudity, while 
among most nalionr? the f« maler^ always covered thomselvff* to a small extent. 
They did. and still continue to dn, as fullows : They understand how to pre- 
pare from the hbrcs of the aloC plant a while thread,. which serves them for 
making cords. On these they string hundreds of small sections of water-reed, 
like l>cads of a rosary; and a good number of these strings, attached by their 
ends to a girdle, and pi u t J very close and thick together, form two aprons, 
one of which hanj^s down Ix low the abdomen, while tho otlior covfrr* llic hind 
part. These aj)ron3 are about a span wide, and of diifercnt kngih. Among 



* Captain Bonneville gives a cbeerless aopount of a village of the Iloot l>;^^g» which he 
saw in irossiug th<> plain belOw I'owder river. *'Thoy livi," says ho, " without unv iurthtir 
proloction from th<* mc-lemoDoy of tho soiison than jv sort of breHk-wcatlier, jib^iol iliree feel 
high, couipo-^od of sage, (or worniwuod,) and eix'clcid around theui iu ilic t>Lape of a half 
moon." — tVaitkingta» inimgs Adwm*n$ of Cm]^ain HoMmaUtSt p. 2^9. 

t Oernmn proverb. 

t It uiay not be otit of pluee lo meution here that in Mexico tho dried fibres of the ulod or 
maguey plant ( Ai^'atr. Atnencana) arc a univercal substitute for hemp In the manufiRCturs of 
oofoage and piickiiig'Clolh. 
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some natioiu they reaeh down to the knees ; among others to the calves, and 
even to the feet. Both sides of the thighs, as well as the rest of the hody, re- 
main perfectly nnkf'd. In order to pave labor, pnmc womon we:tr. in^^tcad nf tho 
back-aproQS, a piece of untaniicd deer-.^kin. or any woolkn nr liiu u rajj which 
they cau now-a-days obtam. Of the same untanned skiu tlicy make, if they 
can get it, their shoee or sandals, simply flat pieces, which tliey attach to th^ 
feet by coarse strings of the above-mentioned alo^, passing between the big andi 
small toes and around the ankles. 

Both sexes, the grown as well as the children, wear the head alwny? uncov- 
ered, however inclement the weather may be, even those in a certain mission 
who understand how to manufacture pretty good hats from palm-leaves, which, 
on account of their lightness, were freqneDtly worn by the missionaries while 
on theu' travels. The men allow the hair to grow down to the shoulders. Wo- 
men, on the contrary, wear it nnirh ,-hortfr. lM>iinerly they pierced the ears of 
new-Lorn children of the male sex with a pdiiited stick, and by putting bones and 
pieces of wuod into the anertuie they enlarged it to such a degree that, in somo 
grown persons, the flaps nung down nearly to the shoulders. At present, Low« 
ever, tin y have abandoned 3m nnnatuial usage. It has been asserted that 
tlu'Y also j)i( rce the nose. I can only say that 1 saw no one disfigured in that 
articular manner, but many middle-agod persons with their ears perforated aa 
escribed above. Under cerUiin circumstances, and on their gala days, they 
paint different parts of the body with red and yellow color, which they obtain 
by burning certain minerals. 

The baptised Indians, of course, observed more decency in regard to dresa 
The m!:=«3ionaries gave each male individual, once or twice in a rear, a pi^^ce of 
blue clulh, nix spans l"ii<^ and two ppans wide, I'or covering the li»wcr pait of 
the body, and, if their mean** allowed it, a short woollen coat of blue color. TLo 
women and girla were provided with thick white veils, made of wool, that cot- 
ered the head and the whole body down to the feet. In some missions the 
women recciwd al.-o petticoats and jackets of blue flannel or woven cotton 
ihirtf, and the men irowsers of coarse cloth and long; coats. But the women 
Uirow aside their veils, and the men their coats, as soon as they leave church, 
because those coverings make them feel uneasy, especially in summer, and im- 
pede the free use of their limbs, which their mode of living constantly requires. 
I will mention here that all these goods had to be brought from the city of 
Mexico, since nothing of the kind can be manufactnn d in California for want 
of the necessary materials. The number of sheep that can be k( pt there is 
small, and, moreover, they lose half their wool by passing through the thorny 
ahmbs, of which there is an astonishing abundance in this ill-favored country. 

It is not to be expected that a peo])le in as low a state of development as the 
C?d!r rnians nli'^nld make use of many implements and utensils. Their whole 
fui iJiiiire, if iliat expn s<i<>n can be applied at all, consists of a bow and arrows, 
u iiiuL iusieud of a kuiie, a bone or pointed piece of wood lor digging roots, a 
turtle'Shell serving as basket and cradle, a large gut or bladder for fetching 
water and transporting it during their excursions, and a bag made like afishiog 
net from the fibres of the alo€, or the skin of a wild cat, in which they preserve 
and carry their ])rovisions, sandals,and perhaps other insignificant things which 
they may happen to possess. 

The bows of the Californians arc more than »ix feet long, slightly cur^-ed, 
and mode from the roots of wild willows. They aie of the thickness of the 
five linger H in the middle, round, and become gradually thmner and pointed 
toward.-* the end-. The bow-sfrings are made of the intestines of bt n.'^t^. The 
shafts of their arrows consist of common reed**, which they straighten by the 
fire. They are above six spans long, and have, at the lower cud, a nou h to 
catch the string, and three or four feathers, abottt a finger long, not much mro- 
Jecting, and let into slito made for that puipoee. At the upper end of the snaft 
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a pointeil pit^ce of haxvy wood, a <>pau aod a half loug, is mserted, bearing 
uiiallj at its extremity a nint of a triangular eliape, almost reaembliug a serpent's 
ton^e, and indented IiIlo the edge of a t^aw* The Galiloniiaiu eiwry their 

bowtf and arrows always with them, aud as they commence at an early age to 
use tlifsf* weapons many of them become very skilful archers. 

lu liuu of knives aud scissors thev use sharp iliuts for cutting almost every- 
^iug— -cane, wood^alo^, and even their haii^-*«nd for diflembowelliug aud skm- 
nmg animals. With the same flints they bleed or scarify themselTeSi and 
make )uci:iioDs for extracting thorns and splinters wluch they have accidentally 
run into tlirir limbs. 

Tli«' wIkjIi- art i)f the men consists in tlu; manufacture of bows and arrows, 
while tijc UMtchaiiical bkill of the lemaks is merely couiiued to the niakiug of 
the ahovc>mlntioned aprons. Of a division of labor not a trace is to be found 
emong them ; even the cooking is done by all without distinction of sex or age, 
every ono jmividing fVtr litmself, aud the children commence to practice that 
necc!!*!«ary ui t sxfl i*itou as thoy aro able to f-tir a fire. The time of these people 
ia chietly taken up by the search for Ibod aud its preparation ; aud if their physical 
wants are supplied tbcy abandon themselves entirely to lounging, chattering, aud 
sleep. This applies particularly to tlie roaming portion of the Californian In- 
dians, for thoifc who dwell near the missions now established in the country are 
sometimes put to such labor as the occasion may require. ^ 

CHAPTBB III. — OR THBIB POOD AND TBB MANNBB OP PBBPARINO IT. 

Notwithstanding the barrenufsa of the country, a Californisn hardly ever diea 
of hunger, except, perhaps, now and then an individual that falls sick in the wil- 
derness and at a great dit^tance from the mission, for those who are in good health 
trouble themsch t s very little about audi patients, even if the^e •^lionld happen 
to be th^'ir liiisbands, wiv» «, or other relatinnB ; and n little cliibl that has loi»l 
its mother or both parent.-* aljjo occMsioually in danger of starving to death, 
because iu Bome instances no one will take charge of it, the father being somO'- 
times inhuman enough to abandon his offspring to its fete. 

The food of the C.iUfornians, as will be h< < ii, i.< (■< rtainly of a mean quality* 
yet it keeps thcni in a iiealtliy cnndifion, and ihey In come Ptrong and grow old 
in spite of their poor diet. The only period of tlie yearduiing whirh the Cali- 
foraiaus can^atisly their appetite without restraint is the season of the pitaha- 
yas, which ripen in the middle of June and abound for more than eight weeks. 
The gathering of this firnitmay be .considered as the harvest of the native in- 
habitants. T ney can eat as much of if as thry plra?«p, arid with some thi.-' food 
agrees so well that they beeome corpulent during that period ; and for this rea- 
son I was Bometimes unable to recognize at hrst sight individuals, otherwise 
perfectly familiar to me, who visited me after having fed for three or four weeks 
on these pitahayas. They do not, however, preserve them, and when the sea- 
gi>n i.^ over they are put again on short ratione. Among the roots eaten by 
the Californiani^ may be mentiont d the ynka, which cnnstitntf?' an important 
artic'lr ol' food in many part.s of Anicrica, as. for iui?tance, in the island of Cnba, 
but is not very abundant iu (Jalifurnia. la some ptoviuees it is made into a 
kind of bread or eake, while the Galifomians, who would find this process too 
tedious, simply roast the yukas in a fire like potatoes. Another root eaten by 
the natives is that of the alo^ plant, of which there irr iivmy kinds in tlil.s 
country. Tho-se species of this vefjetable, however, which alTord nourishment 
— for not all of them arc edible — do not grow as plentifully as the Califorui- 
ans might wish, and very seldom in the neighborhood of water ; the prepara- 



• In the eoHeCtion of Dr. E. II. Davis, of New York, there are a tnunln r of nin)us ob- 
the Indians of the island of Tiburon, io the Cttlifomiou gulf. They auiwer, in 
every lespuct, the description given in tb« teat. 
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UonA, mowarnr, which are neoearaty to wader tiiis plant eatable, require much 
time and labor, as will be meDtioned hereafter. I saw the natives ako iVeq uc ii tly 
eat the roots of the common reed, just as they were t;iken out of the water. 

Oertnin soedi*, Bome of them not larjrer tljan those of iIm- mu.-tard, and difTt n nt 
eort.s ill \>r,(h that pron' mi >*hrnbs and little tree?, and of wliich there are, ac- 
cording to leather Piccolo, more thau sixteen kindt», are likewise diligently 
sought ; yet they famish only a small anantity of grain, and all that a person 
can collect with much toil daring a whole year nuy scarcely amount to twelve 
hnshels.* 

It nn be said that the C ilir*>rnian3 eat, withoiit oxcf^ptinn. all animals they 
can oht.iiii. liogidr-M tlic diiVrrcnt khid« of larger in<iigeiiou« quadrupeds and 
birdu already mentioned,! they live now-a-days ou dogA and cat6i ^rsc^, a^ses 
and mules } item, on owls, mice and rate ; lizards and snakes ; bats, gmsshop- 
peis and crickets; a kind of green caterpillar without hur, about a finger long, 
and an abominable white worm of the lengHiand thickness of the tluunb, which 
they find occasionally in old rotten wood, and ronr^ider an a pnrticular dtdicacy. 
The ell i.-c of game, surli as deer and rabbits, I'urni-'lifi^ only a nmall portion of 
a Caiitoruiau'y nrovidionei. buppotiing that for a hundred families three hun- 
dred deer are killed in the course of a year, which is a very &vorable estimate, 
they would supply each family only with three meals in three hundred and 
sixty-five days, and thus relieve but in a very small degree the hunger and the 
poverty of these people, Thf liunfingfor Hnakeif, lizards, mice and fi'M-rats, 
whicli tlif'V prii«-iice with i_'»"i-at diligence, \» by far mote profitablf and siijipllo? 
them with a much greater qu.iutity of article:^ for cour*umption. Snakes, » ^pe- 
eiallj, are a favorite sort of small game, and tliousaudii of them fiud auuually 
their way into- the stomachs of the Oalifomians. 

In catching fish, particularly in the Pacific, which is much richer in that re- 
spect than the gulf of California, thr* natives use neither nftsf nor hooks, but 
a kind of !ano<', — that is. a long, Hlendrr. pointed pieco of hard woixl. which they 
handle very dexterously iu Bpeariug autl kiihug their prey. 6ea-turties are 
caught in the same manner. 

I have now mentioned the different articles forming the ordinary food of the 
Oalifomians ; but. besides these, they reject nothing that their teeth can ehew 
or their .-fcniarlis .are capable of digestiii;^'. however Uistele.-se or ntn-lean and 
dir^gustiiig it may be. Thus they will eat. the leaves of the Indian .tig- tu r, the 
tender shoo^ of certain ehrubs, lauued or untanned leather ; old iitraps at' raw 
h'de with which a fence was tied together for years ; iUrn, the liones of poultry, 
eSeep, goats and calves; putrid meafOti^sh swarming with worms, damaged 
wheat or Indian corn, anamany other things of that mrt which may serve to 
appease the hung« r they are almost constantly suffering. Anything that ia 
thrown to tin' ho;:^d will be also accepted by a Californian, and ho t.ske? it 
without feeling olh*nded, or thinking for a moment that he is treaie*! bt low his 
dignity. For thU reason no one took the trouble to dam the wheat or maize, 
which was cooked for them in a large kettle, of the black worms and little bugs, 
even if the numbers of these vermin h.ui been equal to tliat of the grains. By 
a daily distributirai of about l.'iO bushels of bran, (which they are in the liabit 
of eating without any preparation,) I could have induced all my parishionera 



• Out; mailer, iu (ieiuiuu, which ia about equivrtltiit to twelve bushels, 
t In I be iiltrochii tion. 

t Vencf^as mentions fi.shinp-nffs ma ].- ol' the pita plant. (Xotu ia de 1h Califumin, vol. i, p. 
5'-'.) Art'ordinp to Hnopert, (Aj»n< uJix i, jj. uo mch plaui <xi»ts ia C'alit'uiniujikuj the 

wuril "ititu" only sif^niticA thc> thread t\vi>ftod from the sloA. In rofjitiiil^ Venecae, Father 
liiiepert hardly ever rc'fr-* to thf original .'^pauinh work, nor mentiuus th<» nanM«ot itn author, 
but aifaclvs the French tiaii.Hhition, which was published in Paris iu tin M ir ITliT. lie 

Srobably acted so fVom motives of dclicAcy, Veuej^ himself being a ] : k i tuad brother 
•suit Theetfeaof tbUproceedisg, sacimbeiiiisgiiied, isooinicslmaliigh^ 
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to remain permaiieuily la the missiou, excepting duriag the timo when the piti- 
hayas are gathered. 

I flair one day a blind man* serentj years of age, who was buiily enei^edia 
pounding between two stones an old snoe made of raw deer<eki&, and when- 
ever he had detached a piece, he tran^^fcrred it promptly tO hu mouth andswal* 
lowed it ; and yet thif jnaii h ul fi (laii;j^}itrr and p^rown f^^raiul-clilldrcn. As 
soon 113 any of thf* c.itllc ai-c kilh il atid the lud<* is ^pn-ad out on ilir ;^round 
to dry, halt' a dozen boys or m«?n will iustautly nii^h upon it and couum nce to 
work with knives, flints and tbeur teeth, tearing and seratehing otT piece.<), whieh 
tliey eat immediately, till the hide is fall of holes or seattered in ail directions. 
In the mission of St. Ignatius and in others- farther towards the nortli, thei-e 
arc perj*on^ who will attach a piece of meat to a fitrinLC and swallow it .md |ndl 
it out again a dozen times in DUcceattiou, for the sake of protracting the enjoy- 
ment of itd taate. 

I most here ask permission of the kind reader to mention something of an 
czeeedingly disgnstiug and almost inhaman nature, the like of whieh probably 
never has been recorded of any people in ttie world* bat which demonstrates 

bettor tlian anything dsn tlio whole extent dt' the poverty. nncleannopH and 
voracity <»t liierte wreiclu d In inge. In det?cribinj^ the pitahayas.* 1 have al- 
ready titated that they contain a great many Bmall seeds resembling grains of 
. powder. For some reason unknown to me these seeds are not conbumcd ui the 
stomach, bnt pa^A off in an undigested state, and in order to save them the 
natives collect, during the neanon of the pitahayas, that which is d {.^charged 
from the hmnaii body, foparato the f^'od;^ fn»m it. and roast, pritui and via ilicm, 
making nioi i y over their loaihHome lucal;*, winch the Spaniards i la i t idiu call 
the second harvei^t of the Caiifoi nians. f When I first heard liiat. mieh u filthy 
habit cxiflted among them, I was disindined to believe the report, bnt to mv 
otter regret I became afterwards repeatedly a witness to the proeceding, wbicn 
they Hi unwilling to abandon like many other b^ul practices. Yet I mast say 
in their favor that they have always abstaint»d from human flt -li, contrary to 
the horriblo n^a^e of so many otlicr Arm i it an nations who can obtain their 
daily food much easier than these poor (jaiiforniaiis. 

They have no other drink but the water, and Ilcaven be praised that they 
are unacqoainted with sneh strong beverages as are distillea in many Ameri- 
ean provinces from Indian corn, the akid and other plants, ami |fhicb the 
American.^ in tho^?e part-* m^ndy drink for tlio purpo.-*e of intoxicating tliem- 
eelvr?. Whrn a C dilorniaii encounters, during his wanderings, u pond f»r pool, 
and icub a dc»ire to queucli his thirst, he lies llat on the ground and applies 
his mouth directly to the water. Sometimes the home of cattle are used as 
drinking vessels. 

Having thus far given an account of the diffen.'ut articles used as aliment by 
the aborigines of tlu; pftriiisula, 1 will now proeocd to doscrilH- in what manner 
tbcT prepare iln.ir victuals. They do not cook, boil, or roa^t like people 
in fiviii/ed eountries, because they are neither acquainted wiih these meihods, 
uor possessed of vessels and utensils to employ for such purposes ; and, besides, 
their patience would be taxed beyond endurance, if they had to wait till a 
piece of meat is well cooked or thoroughly roasted* Their whole process 
simply consists in Inu nin;^'. sinjrning. or roastinp^ in an open firepll hucIi victuals 
as are not eaten in a raw state. Williuiil any Ibrmalitie.'* the piece of meal, 
the tish, bird, snake, licld-moupe, bat, or whatever it may be, is thrown into 
tiie iiames, or on the glowing embers, and left there to smoke and to sweat for 
tjbont a quarter of an nonr ; after which the article is withdrawn, in most caset 



• Iiitr<Mlncfion. 

t Tbls btatcweut is conobortited in all particulars by ClftTigoro, in his Storia delta Culi* 
fi^MO, (Venice, 1780,) voL i, p. 117, 
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only burned or charred on tfa« outside, but Btill raw and bloody within. Ab 
soon M it has becomo anfficiently coo], they shake it a little in order to remove 

tho adhf^riiig dnst or e^and. and eat it with prcat relif«h. Yet I must add here, 
that tli'-y do not previoH'^!}- take the tronMo to skin the mice or tli=5rTnbowel 
the rats, iioi- di r m ir lu cessary to clean the half-emptied entrailj* and mftw> of 
larger auimal.>», wliich they have to cut in pieces before they can roa?t tht-m- 
Seeds, kernels, grassboppen, green caterpiUan, the wbite vrorms already men* 
tioned, and similar things that wonid be lost, on account of thfir ^mallne::?. in 
the embers and flame;* of an open fire, are parched on hot coab, which they 
constantly throw np nod shako in a tiirtlr-«hfdl. or a kind of fryinj^-pan woven 
out of a certain plant. What they have parched or roasted in this manner is 
ground to powder between two stones, and eaten in a dry state. Bones are 
treated in like manner. 

They eat eyerything nnsalted, thongb tbey might obtain plenty of salt ; bat 
sincf thpy cannot dino every day on roa^t meat and constantly changf* thfir 
quarters, they would find it too cumbersome to carry always a supply of salt 
with them. 

The pr(>paration of thealo^rAlf^o called metedk or maguey by the Bpaniards» 
requires more time and labor. The roots, after being properly sep.ir iti d from 
the plants, are roasted for some honr-» in a strooig fire, and then buried, twelve 
or twpnty tof^ether, in the ground , and wvW covered with hot stones, hot ashes, 
and earth. In this stite they have to remain for twelve or tbuiieen hours, and 
when dug out again they are of a fine yellow color, and perfectly tender, 
makiog a very palatable dish* which has served me frequently as food when I 
bad nothing else to eat» or as dessert after dinner in lien of fruit. Bot tbej 
vtri n*. fu-Ft Ti^ a purgatiVG on persons who are not accustomed to them, and 
leave thi- throat somewhat rough for a few hours afterwardH!. 

To light ti iir** the Oaliforuiaus make no use of steel and ilmt, but obtxdn it 
by the frierion of two pieces of wood. One of 'them is cylindrical, hnd poinAed 
on one end, which fits into a round eayity in the other, and by tn ] jig the 
cylindrical pl< ('(; with ^vf-nt r;i])idity betwrrn tln'ir hands. lik«! a twirling stick, 
they snc-fd in i<rnitin;^ the lower piece, if they continue the process for a 
sufficient length of time. 

The Galifomians have no fixed time for any sort of business, and eat, cob> 
sequently, whenever they have anything, or feel inclined to do so, wbkk if 
nearly always the case. I never asked one of them wbethw he wa^ hungry, 
who failed lo ^u^W'T in tin- affirmative^, even if his nppearanc" indicated the 
contrary. A meal in the middle of the day is the h asr in use auionjr them, 
because they all set out early in the morning for their foraging expt-uitions, 
and retnm only in the evening to the plaee from which they startea, if tliey 
do not choose some other locality for their night qtiarters. The day being 
thus spent in nuiiiing ahout and Henrphirif^ for food, thf v havo no time left for 
preparing a dinner at noon. They btan alwayri i m ply-handed : tor. if prr- 
chance something remains from their evening repasts, they certiuniy eat it 
dnring the night in waking moments, or on the following morning before 
leaving. The Galifomians can endnie bnnger easier and mnch longer thadi 
. other people; whereas they will eat enormon!*ly if a chance is given. I often 
tried to hiiy a piece of venison from them when the skin had hut lately bcf»n 
stripped ott' the deer, but regularly received the answer that nothing vva." left; 
and I knew well enough that the hunter who killed the animal needed no 
assistance to fiaisb it. Twenty-four pounds of meat in twentyyfonr borne ii 
not deemed un extraordinary ration for a (^inglc ]>« r>o^, and to see anythmg 
eatable before him is a t'^mntalion for a Calilornian whicli ho cannot re-^ist; 
and not to make away w ith it lu foro night would be a victory he is very 
seldom capable of gaining over hinii^eif. 
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One of tliorn requested from Iii,^ missjonary a uuiober of goats, in order to 
live, ii6 he buid, like a decent man ; that to keep hou^e, to pasture the goats, 
and to support himBclf and his family with their milk and the flesh of the kida. 
Bht, alas 1 in a few daje the twelve goats with which the mlraloDary had pre- 
sented him were all consumed. 

A prie:<t who had lived more than thirty years in California, and whoso 
veracity was beyond any doubt, assurtnl uu; repeatedly that he had known a 
(Jdlitbruian who one day ate seventeen watennelous at one sitting; and another 
native who, after having received from a soldier six pounds of nuclarified sugar 
as pay for a certain debt, sat down and munchi^d one piece after another till 
the six pounds had disappeared. He paid, however, dearly for his gluttony, 
for he died in consequ^-nce of it; while the m'-lon-eater wn-^ only j-nvcd by 
taking a certain physic w hich counteracted the bad i liLclij (»!' hi;i greediness. 
1 w as called mys' lf one evening in great haste to three or four persons, who 
petended to be dying, and wanted to eonfess. These people belonged to a 
land of about sixty 80uls#( women and children included,) to whom I had ^iveu, 
early in the morning, three "bullocks in compensation for some Inbor. . When 
I arrived at the plnt f wircre they lay eneamped, 1 learned that th' ir malady 
consisted merely iu belly-ache and voriiiiing; and, recogniiiing at once the 
cause of their disorder, 1 reprimanded them severely for their voracity, and 
went home again. 

CHAPTER IV.>— OP TUEIR MARRIAGES AND THE EDUCATION OF THEIR CHILORBM. 

Ae soon as the young Call fornian finds a partner, the marriage follows im- 
mediately afterwards ; and the ^ii Is go sometimes- ?o far as to demand inipetu- 
oasly a husband from the missionary, ev( u betVire they are twelve years old, 
which is their legitimate age for marrying, in all the missions, however, only 
one excepted, the number of men was considerably greater than that of the 
females. 

Matrimonial engagements are concluded without much fbrethought or scruple* 
and little attention is paid to the ninrnl? or qualitiei^ of tin* partier*; and. to con- 
fess tlie truth, there is hardly any ditlVri nee ainoii;:; thein in ibr^e re.-peets ; 
and, as far as good sense, virtue, and riches are cuueerned, they are aiwuya 
sure to marry their equals* following thus the old maxim : Si vi» nubere, nube 
pari. It happens very often that near relations want to join in wedlock, and 
their engagements have, therefore, to be frustrated, such cases excepted in 
whicli th<^ imped imetUum afimiatis can be removed by a dispensation from tha 
proper authorities. 

They do not seem to marry exactly for tlie same reasons that induce civ- 
Dized people to enter into (hat state ; they simply want to have a partner* and 
the husband, besides, a sen^ant w horn he can command, although his authority in 

that resfir ( t i.^ rather limited, for the women nr<- .somewhat independent, and 
not mnrii inclined to nhry tlieir lords*. Although tliey are now duly married 
accord in;^ to the rites of the Catholie ( Inirch, nothinj; is done on their part to 
Boiemnize the act; none of the parents or otlier relations and friends uro 
present, and no wedding feast is served up, unless the missionary, instead of 
receiving his marriage fees, or jura ttolae, presents them with a piece of meat, 
or a quantity of Indian corn. Wl^'ncver I joined a eouple in matrimony, it 
took considerable time before thf^ bridegroom sueeerdtd in putting the wedding 
rin*r en th' rii:lit fin ""or of hi.- rutiirc. wife. Ar. SiMt'i m the ceremony is over, 
the new married couple start oli in different direciionrt iu search of food, just aa 
if they were not more to each other to*day than they were yesterday ; and in 
the same manner they act in future, providing separately for their support* 
eometimce without living together for weeks* and without knowing anything 
of their partner's abiding place. ^ 
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Before they were baptized each map took aa many wives a.6 Le likud, and if 
there were several siaters in a family lie married tliem all together. The 8oa- 
in-law was not allowed, for Bome timo« to look into the face of his mother-in- 
law or his wife's next female relations, but had to step aaide* or to hide himacilft 

when tho^e women were present. Yet they did not pay much attention to con- 
Bangniuity, anfl only a few year'* pinec one of them eounted hi^ own daughter 
he liclioved) among llie number of hid wives. Th(!y met without any 
fomialitied, and their voc.ibulary did not even contain tlie words "to marry," 
which ifl oxprcsaed at the present day in the Walenri langoa^ hy the parai> 
phrai*c tike re iHwii/i— that is, " to bring the arms or hands together." They 
bad, and rttill xxMi, a substitute for the word " liii.-banil," Liit the etymological 
meaning of that exprr'-j^ion implied an iiiicicomsi' wiiii woinoa i:i genenil. 

They lived, in fuel, betbre the establichmeut of the missions in their coyntry, 
in uitcr licentiouaneas, and adultery w;ia daily committed by every one without 
shame and without any fear, the feeling of jealou.^y being unknown to theiiL 
Keighhoring tribes visited each other very often only i%r thepnrpoaeof <)pendiug 
some daya in open debauchery, and during bucIj times a general prosfmitioa 
prevailf'd. Would to God that the admonitions and inf«tniction8 of those who 
converted thcde people to Chridtianii^ and estabUehcd lawiul marriages among 
them, had aldo induced them to desist entu'ely from these evil practices ! * Yet 
they deserve pity rather than contempt, for their manner of living together ra- 
genders vice, and their sense of morality id not strong enough to prevent them 
from yieldin;^ to the temptations to which thoy arc constantly cxpoded. 

In the first chapter of Uiis book I have already spoken of tlie ;<cfinty popu- 
lation of this country. It is certain that many of their wumeii arc barren, and 
that a great number of them bear not more than one child. Only a few out of 
one or two hundred bring forth eight or ten times, and if such is really the case^ 
it Ii i]>p<,n.< very seldom Slat one or two of the children arrive at a mature age. 
I baptized, in succcs.sion, h >v( n childrfii of a young woman, yet 1 had to bury 
them all before one of tli* m hail ic achid its third year, and when 1 was about 
to l(?a\*e ihi' country i rrcoiuuicuded t»i the woman lodig a grave for the eighth 
child, with which she was pregnant at the time. The unmarried people of both 
sexes and the children generally make a smaller group than the married and 
wi«l"\v''d. 

The Calif.Tni m wom'Mi lio in without diffictiify, and without needing any 
_ as.sisiance. If thr chU l i - horn at tsome diitaiuf Jiom the mission thf-y carry 
it thitlier themselves on liio bame day, in order to have it bapiiised, not minding 
a walk of two or more leagues. Y^et, that many infants die among them is not 
surprising j on the contrary, it would be a wonder if a great number remained 
alive. For, wln-n the poor child firdt sees the light of day, there is no other 
cradle provided for it but the hard doil, or the dlill 'har-h r t^hell of a turtle, in 
which tile mother phirej it, without mtirit f ^vcriii^'. and (u ngs it about wherever 
she goe.^. And in order to be imeiicumljered, uud enabled iu useherlimbd wjih 
greater freedom while runuiiig in the fields, dhe will leave it tiometimes in charge 
of some old woman, and thus deprive the poor creature for ton or more hours of 
its natural nouridhment. As doon as the child is a few months old th<- mother 
place? it, perfectly naked, iidtraddle on her dlioiihh i its legs hanging down on 
both r^ide.s in l"r(»nt. and it h;id coudecjiiently to h im ii tw t * ride before it can 
stand on its feet, iu iliis guise the nioilier roves al)out ail day, expoding her 
helpless charge to the hot rays of the sun and the chilly winds that sweep over 
the inhospitable conntty. The food of the child, tilt it cuts its teeth, consists 
only in the milk of the mother, and if that id wanting or insufficient, there is 
rarely anotlier woman to be I'ound that would be willing, or, perhaps, iu the 
proper condifion, to take j^ify on the poor dtarvin;^^ h( inj^. I ranr.ot nav that 
uie Calilornian women are too loud of their childna, auU i-ouie ui ihem may 
even consider the loss of ouc as a relief from a burden, especially if they have 
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already some small children. 1 did not see manj Caltfornian mothcrsi who 
caiessed their children much while they lived, or tore their hair when they 
died, although a kind of dry weeping ia not wanting on such occaaions. The 
fiither is etili more insensible, and does not even look at his (or at least hit 
wife'g) child as lons^ as it is small and helpless. 

Nothing causes the Californians less trouble and care than the education of 
their children, which is merely confined to a short porind, nnd coaso:^ as soon 
08 the latter arc capable of making a living for thi in-ilvcs — tli.it is. to catch 
mice and to kill snakes. If the young Californians have once ucc|uiicd suffi- 
cient skill and strength to follow these pnrsnits, it is all the same to them 
whether they have parents or not. Nothing is done hy these in the way of 
admonition or instruction, nor do they set an example worthy to be imitated 
by their offr'prinj:^. Tho children do what thfy pi n-^e, without f( ariiip^ repri- 
mand or punishment, liowevor disorderly and Aviek« d their conduct may be. 
It would be well if the parents did not grow angry when their children are 
now and then slightly cnastiscd for gross misdemeanor by order of the mis> 
sionary; but, instead of bearing witli j)atience snch wholesome correction of 
their little sons and daughters, they take great offence and boromt' enraged, 
es>peri.ilK" tlir- mothers, who will scream likir furii toar out the hair, bent their 
naked breast- with a stone, and lacorate tln ir hr ids with a piece of wood or 
bone till the blood flows, as 1 have IVetjutinlly witnesf*ed on such occasions.* 

The consequence is, that the children follow their own inclinations without 
an7 restmint, and imitate all the bad hnhits and practices of their enuals, or 
still older persons, without the slightest apprehension of being blamed by their 
fatlicra and mother?, even if thv^p should liajipcii to dotect tlirm in the act of 
committing the most dit?gruc( ('ul d. cds. Tlie } imii;^ Californians who live in 
the missions commence roaming about as soon as muss is over, and those that 
spend their time in the fields go wherever, and with whomsoever, they pleitoe, not 
seeing for many days the faces of their parents, who, in their tnm, do not mani- 
fest the slightest concern about tli* ir children, nor make any inquiries, after 
them. 'Plicae are disadvantages which the mi?>?ionnry hn." no powor of amending, 
and such biinj;^ the case, it is «M^y to im i^^iuc how liitlr he can do by instruction, 
exhortation, and punishment, tosviuds improving the moral condition of these 
young natives. 

Heaven may enlighten the Californians, and preserve Euro])(>, and especially 
Germany, from such a system of education, which coincides, in part, with thtj ' 
plan proposed by that nnp^odly visionary, J. J. Rousseau, in hU " Emile," and 
which is also recommended by dome other modern philosophers of the samo 
tribe. If their designs are carried out, education, so far as faith, religion, and 
the fear of God are concerned, is not to be commenced before the eighteenth or 
twentieth year, which, if viewed in the proper light, simply means to adopt iha 
Oalifomiau method, and to bring up youth without any education at alL 

(TO BE OOMTOraiD OT TBM HEXT UPORT.) 



• Thia statement does not scetn to affreo well with the alleged indifference of the CnUfumian 
MNUen towards their children, and the formalitiLS whii h the Califoniians were oblij^od to 
obxerve, when meeting with the mothers and other t'emulc relations of their wives, renders a 
total absence of jealouay among them rather doubtful. Dr. Waltz has also pointed out tho 
latter discrepancy while citing u number of facts*contained in our author's work, (Anthro> 
polfK^'f r]<'r Nalurvojlker, vol. iv, p. 250.) My object being simply to give au English %'cr- 
Kiou ui iiacgen's account, I abstam from all comments on such real or seeming incongruities. 

24 8 
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Halifax, Nova Scotia, June 21. 1863. 

During the last wintri's pop??ou of the Nova Scotiaii Institute of Natural 
Science, the Rev. John Ambrose, rector of the pari.'^h of St. Afarjraret'ri bay, a 
didtrict lying on the Atlantic seaboard of this colony, brought to the notice of 
tbe IiiBtitate tlio exiBtence of extensive beds of refuse shells and boaes, znixed 
witli fragments of ruck' pottery, and perfect and Inipcrfecl fliat aiTOW and Spear 
heads. Oifte<l \vith an iiiqiiiriiii^ mind, the ^^eiitlonian in question naturally 
considered that their occurrence was not a matter of chance; and, following: up 
the suhject, ho ascertained that similar beds had been known to exist on tho 
sboces of Denmaik and the adjacent isles, and that they had lecdved the name 
of kjakken-mcpddingy or kitchen-middings, from being, heaps of refuse sheUst 
boneSt &c., thrown aside by the primitive race of men who, in day.-< of remote 
antiquity, vii^ited annually, or dwelt coutiniimiply, in Fuch positions. ( )n penig- 
ing an arliclo publisjhed in tho report of the Suiitlisonian Institution tor lb60t 
winch gave an interesting account of the kitchen middings of Europe, as sur- 
veyed by the Danish ardieologists, a perfect resemblance to those of the Novm 
Scotian coast was at onco perceived, in so far at least as the few specimens then 
obtained from these heaps proved. 

To endeavor to make a thorou';h fcarch, and prove the nature of these de- 
posits, the Council of the Institute of Natural Science decided upon ha\ iug a 
field meeting on the spot where the kitchen middings lay; and, accordingly, on 
the 11th of June last, a large party proceeded by land from Halifax, the capital 
of the province, to St. Margaret's bay, which is distant, in a S.SW. direction, 
about twenty-two miles. I'his bay \^ oxceedingly spacious, runf? inland some 
eight or ten miles, and is in breadth, perhaps, five or six miled. A tiew islands 
stand at the entrance as well as at its head, and long, low, promontories, clothed 
with spruce, birchr and maple, stretch into the water at the N£. corner, forming 
snug coves and sheltered strands. It is on the shore of one of the^c minor 
bays, having a pnndy beach, where cnnoos could be hauled up easily aud s,if< !y, 
that the principal Ijir'kktn-madduii:, found by Mr. Ambrose, lay, on a ripiug 
knoll some twenty feet above the bay at high-water mark, it forms part of a 
grass field belonging to a &rm-hottse hard oy, and according to the statement 
of the farmer, and tho appearance it presents, has been submitted to little, if 
any, disturbancr' at the hand of man. The deposit appears to have extended 
about fifty yards or nioie in len^'th by a well-defined breadth of c!;^'!it yards. 
ltj« surface is irregularly depressed and dotted over, on its western extremity, 
with granitic bouldm of no great siae. The soil which covers the mass is 
similar to that of the field in which it occurs, though, perhaps, a little darker in 
color. It grows common meadow grass and the ordinary field plants, and its 
d- pth does not exceed two or three inches wlu n the t^hcll deposit appears, pre- 
senting a layor of cianpact shells, perfect and imperfect, in whieli lie hnne?* of 
animals and birds, ilint and quartz arfow and ispexir heads, large and c«mall teeth, 
and broken pieces of very roughly made pottery, bearing evident traces of 
attempt at ornament. This pottery was very dark in color, and contained in 
its ;^iibstance grains of granitic sand, and mica in quantity. From the pieces of 
rim obtained, judging from their rnrvature, the earthen vessels could ?carcply 
have exceeded tho dimensions of a quart bowl. These bowls or cups must 
have been in common me, as the firagmeots occur In some plenty. No tiacei 



Digitized by Google 



STHHOLOOT. 



37Z 



of implements cI('notin<:^ an j connexion witli thdlftter iron age o<?tuiTcd, anil tlia 
only objects oil wliicli the art of ni uj liad lioen practiced beyond the pottery and 
flint weapon-lit ads w< re bonea sUarpuaed into ftwls, one of which was obtained 
m a ycry perfect tJtate. 

In the midst* bnt' more abondanUy at the bottom, of the refuse deposita 
oceuned rounded Btonea, from the size of a man's clenched band and upwards, 
bfjaring r vident traces of ha%'ing undergone'tho action of firo. These stones are ' 
precisely similar to those fnnnfl on thn ht»ach l)rnf^ath. I 

At the bottom of the refuse lieap, which occurred at a distance of eighteen 
inches from the snrfiEtce* a layer of black soil came two inches thick ; then a 
layer of white brown sand of the same thicknees ; then came a reddish colored 
earth, getting lighter as the spade wont down, until the ori^al foundation of 
hanl*^ned drift proclaimed fi" further investigation nocossary in that direction. ' 
Taking a general view of the surface, the observer naturally supposed that the j 
rounded granitic boulders which lie scattered ou the heap had afforded seats for i 
the primitive people, who radely cooked their food at this encampment on the 
edge of tlir wild forest; nor was the snpposition incorrect* for on digging around 
thf»?e liouldors prerttrr ma^fOP of pholff, and Tnorn ovident trnces of fire were 
app;m'nt than in other part.-* of tho heap. Thn charcoal, in some instances, had 
lost but little of its former consistency, while in others it powdered into dust on 
being handled. This probably arose from the nature of the wood, some kinds 
affording a hard charcoal, and others soft. 

'I' lie Fauna of this Nova Scotian l-jtekJicn-rnddding, so far as it could be 
ascertained, was as follows : Of mammal-', tlv^ moo.«e, (Cm^vx alre.t,) the bear, 
{ Urrus americanust) the beaver, ( Castor canadensis,) and the porcupine, ( Hys- 
trix dorsataj were noticed ; the beaver and porcupine by their teeth, which, from 
their brightness and compactness, might just have been taken from the jaw. A 
beaver's tooth had the root part rubbed, and smoothed to a head, giying, with 
its chisel-like point, the appearance of an in?tniment for rutting. Some of 
thepp tpetli were ja^^ed ou their edges as if by artilieiai means. The l»one8 
of the animals hud been broken, and, with the exception of a few very small 
ones, none were obtained whole. Of birds, there were the bones of different 
species, some very large, and evidently belonging to a bird much larger than the 
reat northern diver, ( Cohjmhus glacialis,) which is one of the lar}::^nft wild 
irds in the colony at the present day. The h'rd hones were aIho more or less 
broken, and on© in particular had been opened by means of a cutting instrument 
down the side. Of fishes, the vertcbrs of two or three species, the largest 
mcasoring about an inch in diameter, while two or three speeunens of the oper* 
cnlar spines of the Norw ay haddock, ( Sehastes norwegians,) were proenrsd 
nmong the debris in a perfect state, whic li led to the suppoFition that they were 
Udcd for some purpo-^e, such m prickin^^ holes. Of mollu.-^kr*, the most common 
were the quahog, ( Venus mercenana,) clam, ( Mya arenaria,) scallop, ( Feeten 
UlandteutfJ Crepidula firnicaia and MytUw eduiit. Of the two foon^r species 
nearly the whole mass of shell consisted. I'he mussel shells had become so 
friable that slij^htest tnncli was sufficient to break them. 

Time did not permit, however, a clos«;r examination to be made on this lirj*t 
visit to the mounds ; but some members of the Institute, aware of the interest 
attaching to the subject, have decided upon damping out during the ensuine 
snrnmcr in the vicinity of other deposits known to exist in various places, ana 
hope, by thoroughly excavating the several mounds, to bring to light specimens 
which will doubtless help to pr«n'e the age in which they were constructed, and 
the similarity which existed between the manner and customs of the race who 
formed them, and the constructors of those placed in like positions on the shores 
of Denmark and Northern Europe. 

J. M. JONES, 
^ PretideiU ^ the IiiiiUutc Natural Scimeet, 
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VROM THE BmULETIN OF THE NATIUNAI. tVtSTtm& OF GUiEVA. 



In Jaawtrx* 1864, ceitaiB works, undertoken on the ehoree of the Lake 

of Zurich, at Obermeilen, brought to view, with tlie mud and ooze from the 
"bottom of the ^atcr, nn fisserablagc of nncipnt rem.iinB, together with piles. 
Dr. K< llrr, president of tlic Archaeological Society of Zurich, publt«hf^fl in the 
spring oi" 1854 a first report respecting this discovery. It was a Lriel hut lucid 
description, accompanied with numerous figurcgi, and the conclusion was evco 
then arrived at that there had existed In aneient tlmea, at the point in qaeatioB, 
habitations built upon pile-work. Diaeoveries of the same kind were rapidly 
mnltiplirrl in Switzorlaiid. few pnvnnt3 posscsninr,', in an cquiil degree with Dr. 
Kclh r, ill'' art of piiditirr and «'nfouragii)f,' otlicr.^ in tho luborc (»f riwarch. His 
correspondence forms a connected coui'jsc of iuistiuctioii, strikingly recommended 
by the unaffected liberality which pervades it, and which naturally evokes a 
reciprocal spirit of fiank oomnMinieation in regard to all new fiusts and obserra- 
tions. To this concmrenca of efforts, directed to di&rent points, which, taken 
separately, would havf been of little nvaih wc owe tho rapid development of 
Swi?5 arehfrolopry ; and it is this also which ha?* enahicd Dr. Keller to publish 
a Becoud report on lacustrian habltaiious in a third iu 1S60, a founh in 

18C1, and uow the fifth, with which wo arc at this moment occupied. These 
■ereral reports are all distiognished by an afflaenoe of wefl-aseertained faets* 
and r f a< c urate figures, as well bs by the absence of those idle disenssiMis 
atid fantastic rcfleciionH wliich -ir*^ f^till hut too riH; in matters of archseolM^'-v. 
Nor i-^ it n circumstance unwortiiy ot nn^rp tl) it i-vcn our iKMp^hbor? of It ilV 
and Germany have contrihuted to swell thi.-* tifih report hy valuabh; communi- 
cations presented under their own names; for Dr. Keller is of ibat class of 
Mvants who conscientwusly render to each whateyer is his doe, and wiUingly 
withdraw themselves hem. notice ui order to ^ve greater pronunenoe to the 
merits of another. 

Unfortunately Dr, Kcllor only pnbli^shes in Gonnan. whence hi? report?, 
though now and then containing an article written in French, such as the ex- 
cellent paper of M. L. Rochat on the lacustrian habitations of the neighbor- 
hood of Yverdon, are too little known in eertain eonntoes. Tbeve shonli he a 
French publication reeapltdating the labor.-^ of the savant of Zniieh, bnt a' 
natural rt pni^iance h felt to undertaking such a work while progn^s and dis* 
cover}' arc t^tiil in i'ull career. We shall, therefore, confine onrselves to a 
simple review of the fifth report, which is before us. 

This report commences with a notice of ten pages on the Terramara dt 
VEmUm, by M. P. Strobe^ professor of nattiral history in tiie Univetaity of 
Parma, and M. L. Pigorini, a young archaeologist of the city of dial tflmt. 
Th' ^'r rmnn trnnBlation is from the pen of M. Strobel, who speaks and WiUm 
German perfectly well. Three plates, comprising eigh^-nine figntts, accom- 

o 
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puijr tbls notice, which iceemblea those given by Dr. Keller in iti aToidanet 

of mil useless phraseology. 

In the duchy of Paraa there occur, in the level tracts bordering upon rivers, 
dopo<iit-4 (»f a pnrnliar nature, which have been for some time omploycd, undor 
the iianu^ of tcrramara, in the culture of lands. They are accumulation:^ of a 
marshy nature, iotcrnpcri^cd with beds of river ooze, of charcoal and ciuders, 
through the whole of which are thickly strewn the cmshed bones of animals, 
pieces of wood, fragments of potteiy, and divers objects in bone, in stone, and 
in bronse. It Is a]ti)arent that man once inhabited these places, liable as they 
were to occn?ionril suhmf^rsion. At one point there was found, in good preser- 
vation, a tloor built upon pilr^. wliidi had been planted in a marshy soil be- 
neath shallow water, which, hy liic aecumuiutiou of solid material, had since 
become dry land. ^ 

The bronze articles occnring in the terraniani are hatchets, reaping-hooks, 
lance-headi?, poniard-blnd*':'. liair-pins, a small bronze comb, chisels, and awls, 
the whole being of tlif kind met with in Switzerland and the nortli. and re- 
garded as characteristic of the nu^e of bronze, 'i'lie pottery is coarse, composed 
of clay mingled with sand, rudely shaped by hand, wit hout the use of the wheel, 
as is still practiced in villagCB of the Appenine in preparing ntensils intended 
to resist the action of fire. The vases present a peculiarity, not as yet elM- 
where observed, in being often furnished with small handles, drawn out into 
variously «hnpr'd liornf and knobs, and Bomofimes ornamented with .-tripeq. 
Spindle wliirl:^, plain or^'triped, are of f re |ucnt occurrence. Among the obji cts 
of boue iiLiy be mentioned two combs, cmbelii.-*hed with carvings in the manner 
of the bronze age, and among those of wood the remnant of a wicker basket. 
The remains of animal bones have been earefally studied by Professor Strobel, 
who, after having compared them with those of the lacustrian settlements of 
Switzerland, depcribrd by Profc-.-or Rutimcyer, of Bille, has had llie Fati-faction 
ot treeing even the most questionable of his deei'^ions coutirmed by the last- 
named savant. The species thus far recognized by M. Strobel are : remains 
of the bear, the wild boar, the roc-bnck, and the stag ; and, of domestic animals, 
the dog, the horse, the ox, the*hog, the goat, and the sheep, all of them races 
occurrinu' iu the lakes of Switzerland. To this list should be added some re- 
mains ot bird-i, and, amons^ othor?*, of the domn-fic fowl, with thn«e of terrestrial 
and fluviatiio mollu.-ks, still t'ouid alive in the country. The vegetable king- 
dom has contributed vaiioud kinds of wood, wheat, (trilicum lurgidum^) beans, 
hazel-nnts, pears, appk^s, service-berries, acorns, and the capsnlcs which endose 
the seeds of flax. It wonld appear from the collective circnmstances that the tw- 
ramara represents what may bo called the kitchen-middens ( kjakk€9^m€Bdding) 
of the age of bronze, f^rmt d in eo-operation with the alluvinra nf rivei*s. 

Laciistri<rn scftlcmont at Pcsrhicra, on Lake Garria, in halt/, — M. do Silber, 
Austriau oliicer of engineers at Verona, reports that, lu dredging at the entrance 
of the port of Peschicra, remains of pile*work were fonnd, entirely bnried in the 
mnd at the bottom of the water, while tho mud itself contained numerons ob- 
jects in bronze, of which Dr. Keller gives three plates of figores. Tlicse con- 
8i.«t of ponirird-blades, hair-pins of various' shapes, hooks, or small li.-h ?pear9, 
a knife, Jiud some "mall letnnants of clothing, all hearini:: much re-cmlilance to 
those taken from the lak« s ot" Switzerland. Among these objects from lV:*ehiera 
are some of copper, which leads Dr. Keller to dissent from the generally re- 
ceived idea that tlx' a;^e of bronze, properly SO called, had its origin in Asia, 
since Europe would then have had no age of copjior, r)rniing the necessary 
stage b^^twoon the age of stone atrd that of lironze. Dr. Keller presents, in sup- 
port of his opinion, a plate ronipri-^ing the fii^uve^ of twenty-eii^ht ohjeetf^ of red 
copper, chiefly hatchets and coins, found in Hungary and Tiausy lvunia, and 
he addttces the testimony of a friend of his, who resided long in Hungary, and 
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who affinmi that thoie objectv of copper are fieqnent ia tbe oonntriee of Hm 

lower Danube. 

Lacustrtan seUlemcnts of the Untersee, l/iat is, of the portion of the Lake of 
Constance to the east of the city of Comtance.-^¥ov several years ao cxtt-u.-^ivo 
pile-work of the of stone, situated near the village of Waugea, at one league 
and a half from Stein, bad been used, with a vievr to tbe trade in autiqoities, 
by one LcBble» under the direction of Dr. Keller, who has spoken of this locality 
in previous reports. Recently M. K. D 'Iioff* employed in the cu.^itoms of the 
grauii duehy of Baden, has explored the whole Baden part of the Unter^i r. 
and his account, occupying nine pa^es, is given with the skill of a master, and 
the precision of a loatheinatieiaiL Many of the observations abeady made at 
Wangen are here reproduced, bat severed interesting results of a general nature 
floNv iVom them. In the first place, there is the absence, in all this region, o( 
pile-works helonging to the age of bronze, all those explored up to this time 
naving furnished, besides pottery, bone, buck-horn, tVe., only stone, without 
any trace of metal, which does not import, however, that uoiie wdi ever he 
found. Another carious remark is» that sUex of foreign production occurs, on- 
shaped and in abandance, at certain localities, deuotiug a place of fabrication, 
while elsewhere it is wholly wanting, as if the division of labor had existed, 
not only among individuals of the same settlement, but amon:^ the lacustrian 
villages, to somti of which the preparation of iusLrumeuta of ^^ilex, for the com- 
mon supply, hod been specially assigned. It is also a striking circumstance 
ihatm tnese settlements without metals ^aro not onfze^aently found batdiets 
of serpentine of excellent form, so ingeniously and even ornamentally wrought 
that we might be inclined to refer them to a later age, characterized by greater 
advances iu art, and by the employment of bronze. On the other hand, such 
bandies of buck-horn ibr the stone weil^e as are found at Meilen,at Moosscdorf, 
and elsewhere, are almost entirely wauiiug iu the Uutersee. Here the usual 
form of handle for the stone wedge was the branch, bent and notched widi a 
ligature to retain the wedge in the notch. Two plates, with twenty-seven fig- 
ures, accompany the memoir of M. DeholT, comprising, among others, tbe plan, 
with eections, of the pile-work near AUi-u.-bat h, the place of each pile being 
indicated, which give.", for ihf I'nst time, a complete and correct idea of the 
subject. In concluding, jU.. DchuU lurnishes also some iufonnation respecting 
the prolongation, towiu:d8 the northwest, of the Lake of Oonstanee, called 
Ueberlingersee, which presents, in respect to lacustrian settlements, the same 
features with the Untersce. 

The fascine-work of Nkder- Wyl, near Frauenfdd, canton of Thnrgau. — Dr. 
Keller, while he gives the French term fa.scinnge, calls it in Gt-ruian pacJc 
wcrkbau, correspouding somewhat to that which id known iu Irciaud uudcr 
the name of cramioge, A small lake, or, more properly, a natural pond, filled 
with peat, was subjected to exploration. At one point the workmen reached, 
at a depth of from two to three feet, under the sunaco of the peat-moss, a col- 
lection of wood and Polid matter, forming a mrl of ble of about :iO,000 square 
feet, arouud which there was a depth of eight or ten feet of tin? peat before at- 
taining the ancient bed of the lake. This isle was ascertaiued to be au ai tihcial 
construction, which had served as a foundation for habitations. To the selected 
point in the lake it seem^ th at logs and boughs were brought, bound together 
m rafts, and loaded with naud to make them sink, piles being drivcu arouud to 
marlc the limits of the construction, and the operation repM ittd till it rose above 
the suriace of the water. A floor of logs, in close juxtaposition, was then laid 
upuii Hiils regularly arranged, and this floor was covered with a layer of com- 
pacted clay, upon whieh the dwellings were erected. These dwellings were 
rectangular, l>eing, on an average, twenty feet long and twelve wide. The 
wulL-^, part^ of which were still iu place, were formed of logs split into rough 
boards, conned between stakes or posts planted vertically at suitable, inte^ 
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Tils. In the comer of one of tliese dvellings there was found a hearth foimed 

of ^a^rrou;rht flag-atoues, still covered with coal.s and cinders. The floors, 
havnij^ soiuLiimea BUDk, at one jxjint or other, to the extent of several inches, 
even a foot or more, the level had been restored by filling up the cavity. It 
would seem, in some instances, tliat the entire floor had sunk beneath the level 
of the water, and new onea been constructed ahovot since the remains of articles 
of domestic use or production occur between the two courses. The dwellingSt 
which seem to have been covered with thatch, wci-o di-^t.int fiom one another 
only two or three feet, aud it is in these interstitial spaces, where tlie floors 
were more or less interrupted, that the remaius of humau iudustry have been 
chiefly discovered. This settlement bears no marks of having l>een destroyed 
hymei it appears to have been voluntarily abandoned. At ul events, its re- 
mains are the most complete and best preserved which have been yet dis- 
covered in Switzerland. 

The conBtructionn discovered by Colonel 8uter, of Zufniguen, in the peat- 
moss of Wauwyi, much resemble those just described, only at Wauwyl they 
are more primitive and less skilfully combinedj although those of Niederwyl be- 
long to the age of stone, as well as those of Wauwyl. The researches at 
Niederwyl have disclosed hatchets of stone, wheat and tis-^ues of flax, both 
charred, fragments of pottery, aud bones of animals, which had served for food. 
We owe this iuterestinj^ discovery to tlie zeal of M. Pupikofer, who has super- 
intended the excavations made by M. Messikommer. 

LacMttrian, HUUmmU near Zug, described by Prqfeasor Mihlberg, of Zug. — 
In the suburbs of Zng, on the road leading to Cham, workmen were diggmg 
the fiaondattons of a house, when, at a depth of five fe^ a dark-colored bed of 
decomposed organic matter was encountered, in which were found hatehetri of 
stone, fragments of pilc.x, hulls of hazel aud beach nut.**, apple-seeds and animal 
bones, together with the tops of stakes planted vertically, on some of which 
Still rested cross-pieces of wood. Here, there were evidently the remaius of a 
lacustrian settlement of the age of stone, embosomed iii^ the solid earth which 
had gradually encroached upon the lake. The bone^ have been examined by 
Profe^^^or Kutimeyer, of Bale, and he has dlslin^^uislied the cow, of that race 
which he names alter the j< at, the pear lio^s the peal d >g, the roe aud the deer. 

SeltlemeiU of Ebersbtrg, canton of' Zurich. — In a sequestered spot, at the 
back of a hill called the Ebersberg, near the Rhine, ancioit remains have been 
found, which M. Escher do Berg has described in vol. vii, 4th part, of the Me- 
moirs of the Archaeological Society of Zurich. M. Kscher resumed his re- 
searches in 1862, and has drawn up an account of his explorations, which were 
continued for 04 day.s. Thi.s site has a peculiar interest, for it jire.-enls the re- 
mains of a scttlemeuL uu terra lirma, and an assemblage of objects entirely 
corresponding with those which characterize the lacustrian habitations of the 
age of bronze, for instance, in the lake of Bicnne. Under 5 or 6 feet of detri- 
tus, an ancient surface of well-rammed clay was brought to light, and on this 
surface were discovered near oue another the remains of two rcctanp:ular ovens, 
6 to G feel louf]^ by 3 broad, formed of .^ilicrous pebbles and clay mixed with 
much saud. Jieyond these there was a.paveuicut uf pebble stones, aud it was 
on these substructions that the bed containing antique artieles' inuneduLtely 
rested, while the thick mass of superincumbent humos was entirely destitute 
of them. In the bed spoken of, the very first excavations had yielded a cres- 
cent of stone skilfully cut. In the recent excavations a fsecond erej«eent has 
been disclo-sed, but eouiposed of baked <'lay, precisely like those taken by Col- 
onel Schwab from the lake of Bieune, una which were probably used in the 
religious rites of the time. These later researches have also yielded : fragments 
of flint, Wedges or hatchets of serpentine, stones lor crushing grtdn ; and, of 
bronze, two knives, gome dozens of hair-pins like those of the lakes, several . 
fimall chisels, an arrow-point, a ntmiber of rings and of plates of metal oma- 
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tnented with lines. Other objects obtained are : a bead of glass or of bine and 
white enamel, snch as wc now have fi 1 1 Ih lake^ of Bienne and KTenfdiatel ; 
back-boms carved ; fossil teeth of the shark taken from the molasse of thft 

country; ■'pindle-whirls of baked clay; pottery, like th.it of the bronze-^itcs 
in the laki.^; cones of baked clay, with a hole at top, desij^ncd doubtlc.-s as 
weights to i^trctch the threudsi in the proce.-is of weaving; and uiccea of the 
clay faciti;^>) of the walls of wicker-work, bearing the impression of the branches 
or osiers destroyed by fire. Bones of animals were by no means wanting, and 
they have been ai«eertained by Professor Rutimeyer to pertain to a COW of large 
spc^eie^^, to tlir hop;, the f^oat, the derr and the roe-buck. 

L'lrush tan sctthiinent »>f llohcnhausin, at Lake PlaJJikon, canton of Zuru:h.— 
Of this notice has been taken in previous publicatioud of Dr. Keller. AI. Mea- 
sikommcr continnes to make explorations, leading to interesting obserratioBi 
and to the diacuvcry of object?, ot'ten of great curiot<ity, which, after having 
submitted them to the inspection of Dr. Keller, he off l' >r sal This local- 
ity is sitnaf-d in a mo«!s. at the oa«t end of the lake, which there had but little 
depth, aiid where th«- Lrrowih of tiie peat has by degrees advanced the limits of 
the dry land. To arrive al the bed coiiiuiuiiig piled aud aiuiquc objects, it ia 
necessary to remove some six feet of peat ; this requires long continued exhaos* 
tion, but the objects are in a remark iM. state of preserv nion. The report on 
recent rcsearcheB is drawn up by ^I. Me.sdikommer, who even indites some 
plea?i!)g vcr.ses on the occa-^ion II<' Iia-< remarked that the ohji ' are fotnid 
more nr icrfs grouped, according to tlieir nature. Thus, at certain poiiii.-', char- 
red cereals occur in abundance ; elsewhere flax prepared for spinning ; furilicr 
on there may bo flax woven or platted, and at still another place numbeis of 
those perforated cones of baked clay which pertained to tectorial operations. 
At one point M. Messikomraer discovered that under ilic tioor of the ancient 
dwellhii:; (line wa« a formation of peat Irom 2 to 'l\ f' rr deep, beneath which 
was fouiid iiuoila r tloor, piill more ancient. We must inter that t!ie place sx:\% 
long inhabited aud dui*iug the age of stouc, for uoi the Ica^^t trace of metal ha^t 
been met with. 

The new acquisitions at Robenhausen, to which Dr. Keller has appropriated 

» two jdat'-'. are: a canoe formed of the hollowed trunk of a tr< \'l feet long 
by 1^ wi<l<s with a depth « {* /> inches (the 8\vi.<s foot has 10 inche? and ia 
equivalent to 0.:? of :iiiv t< i ;) jjome well fat^hioned bows of yew wood; an 
anow point of j^ilii, siiil attached to its wooden staff by means of flax thread 
and mineral bitumen ; a hatchet or wedge of stone fixed transversely in a 
wooden handle, somewhat club-shaped ; another hatchet of stone fixed in a piece 
of buck's homi which again was fastenc^d transversely to the handle of wood. 
This hoi't arrangement was also m .'t with at Concise, hut tlif stnp tidou^ im- 
po^tnn'f praeticed at that locality throw suspicion on wh.ilevcr comes from it. 
especially wlitu it is known that the counterfeiters went so far as to csx&t their 
own fabrications into the lake, that th<;y might be afterwards drawn up by the 
dredge before the eyes of the amateurs. At Robenhauseu, divers articles of 
wood also hav<! been collected, ?ueh as knives, basins, iaiplemcnts which served 
perhaps for beating butter, aad large spoons like tho.sc for skimming milk. 
Among u tif! -^ of Uax, recently obtaitK-d, may he mentioned a portion of a girdle 
or ribbon «juile skilfully woven, so as to present a small ligure in squares of 
very neat appearance; also remnants of fishing-itets, with meshes measuring 
0.05 of a meter on the side; aud, lastly, a bit of cloth to which a pocket is at- 
tached by sewing. 

Settlement in the Inhc of Boiirqet, in Saror/. — 15 iron Despin(! having drawn 
attention to a jtil< -vvoik in the lake of Uourget, the Savoyard .Society of history 
and aiTha'ology caused re.se iches to be made, under the diivctiou of Des- 
pine and Delaborde. M. Rabnt Laurent has given an aiscount of tliem» in the 
BulletiiL of the above Society, from 1861 to 186S, second number, p. 44, and 



Digitized by Google 



LlCnSTBIAK SETTTIiElfENTS. 



877 



tldiB report is Iiere republished hj Dr. Keller. At the point In question there 
have been found articles of pottery, calcined bones, a stone hammer« n email 

bmiizo rinj^. o.ir? of whont, acorns?, liazclnuU, cherry-stnnf':». j^Tnins of millet, 
and, what li;i- nut Imen yet met with in Switzerland, hu^ks of t li(v-tiiu(s. I'r i feasor 
Deflor also hat* made explorations iu the lake of Bourget ; and Al. Louis Uevon» 
the sealons and able director of the mneenm of Annecy, has commenced them 
in the pile-works of the lake of Annecy. • 

L ike of Neuchdtd, new discoveries of CoionH SrliwcA, 4 plate»» comprising 
71 y/Vr/rrt. — 'V\v iiifhTntiu' iblo colniiol has cau««od dredginga to bo oxocuted at 
«tn t r.il poiiiLd and liaa cuufiiderably enriched his u lniimhle collection at Biennc. 
Certain objects reappear iu ludotiuile uumbcrs, such ns hair-niuii of bronze, but 
from time to time new and cnrious articles repay the seal of the antiquary. 
We may distinguish of this chvi^, a wheel of cast bronze, 0.49 of a mct*-r in 
^amcter; it has four radii» which, equally with the periiiK ti r, ai rliollow. The 
'nave, also hollow, U prolonged on both side?, making it.- i n(i!* li n*:;!! 0 50 of 
a meter. Near this whf-l. thirto^n r^mall object.*' ot" the cresicciit-iii'ion shape 
were found, each with a handle pertbi.ited at the end, as if to suj*pend the oh* 
ject. which is of bronze cast in a single piece. These, as well as the wheel* 
were perhaps employed in some religious ceremony. Similar small crescents 
appear also in the exquisite collection of Madame Febvrc, of Chi.seul, at M&con, 
a French l.i<ly, whoso 83 years plam in "tronger roHof th^ artistic discrimination, 
aa well as the rare and high-bred courtesy of tlie vrix ra})!*' owner. Among 
the new acquisitions of Colonel Schwab wc should further specify a sling of 
platted flax, exactly like one brought Iroih the Sandwich Islands, and to be seen 
in the museum ot Borne; also several beads of amber, and others, oblong in 
form, of blue glass or (;n:unel, aroimd whidi encrusted a spiral of white enamel. 
These glass bead>? havo hr>pn tn 't witli at t'>»ur stations, who-so characff^ri'^tiea 
clearly assign them t<i the age ot" bronze. In Mecklenberg, also, beads ot* bhio 

flass, but of tiimplc formation, have been twice found in tombs of that age. 
t is to the age ot bronze, then, that we must refer the app<.>arance of glass, but 
only in the shape of snch beads ; and even those are extremely rare at that 
epoch, at least ni countries north of the Alps. 

Of all Colonel Schwab's discoveries, the most curious h the product of a 
Ptation of the age of bronze near Coataillod, bein<^ a dish iu terra cottn, fash- 
ioned by the unassisted hand, having a diameter of 0.39 of a meter and a height 
of 0.4 of a meter, and inlaid on the inner snrface with small plates of tin* 
These plates, which are themselves embellished with carded lines, are so ar- 
ranged as to foTTu a geometrical design surprisingly rich and ingenious, com- 
prisiug among others a circuit of figures, which recall those, in the Greek man- 
ner, seen on Ktruscan v.asea. The surface of the vessel had been blackened 
and rendered lustrous by being rubbed with graphite. It has not been ascer- 
tained l)y what means the tin was made to adhere to the surface of the material. 

The above notices are followed by soino account of the stations of pile-work 
in the lakes of Sempach, Baldegg and Mauen, and by a brief memoir of pro- 
fessor Deicke on the researches mado by M. Ullersbergor of Ultcrlinpror in the 
lake of Constance. The publication of Dr. Keller com Inde.s with 7 pages of 
remarks on the book entitled Lacmtrian Habitations (if Ancient and Modem 
Tmett by jp*. Troyom. After having long kept silence. Dr. Keller at length 
raises his voi(;e to r<>ctify the errors and r(>fute tln^ absnrdities of the book in 
que-tion ; a book which tends to induce obscurity, where it would be po de- 
girablo to proceed by ?obfT inv'^-^tip: ition". ?et forth in simple and precise terms. 
Dr. Keller incid<'ntally notices that his own reports have been entirely absorbed 
in the work of M. Troyon. The distinguished savant of Zurich could say no 
more, for he is not one to complain of having been nnfkirly laid under conCri- 
batM>n. In the remarks spoken of, he shows that the collective phenomena of 
laeustrian settlements seem to evmee a gradoal and peacei'ol development of 
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eiyilizatioa in^ Switzerland, from the age of Ptonc to tlie Roman epoch, without 
an indication of violent aocial convnlsions or industrial revolutions, suddenly 
saperiuduced hy external and intruaivc influences. It is duubiieas picturesque 
toTmm periodically, as H. T107011 does* all the UenstiiaD dties naa to massa- 
cre their popnlation. But it is more rational to recognise, as Ijaplace did at 
the close of hia long and brilliant cazeeri that what we know is littie, while 
what we do not know ia immense ! 

A, MOJttLOT. 

P. S^The seventeenth plate of Dr. Keller not alluded to in the text of 

the report ; it contains plans of the lakes of Neuchat^l, Bicnnc, Morat and 
Sempacli, with an indication, accordin*^ to the rcHfarchrei of Colonel Schwab, 
of al! the lacn«trian stations di^eoven J, distinguir-hinj:; lliem as respectively 
dating iVom the age of btoue, of bronze, of iron, or tinally £rom the iloman 
epoch, for there are a few where Roman objects have been fonnd. Professor, 
Vogt has published a work on man, Vorlesungun neber den Mauchen. in which' 
he severly criticises certain parts of M. Troyon's " J.acustrian Uabitations," 
upon which Dr. Keller had not animadverted ; and the central orpin of Grrman 
archtcolo^y, published at Ntiniber;^, Anzcii^er fur hun^c tier (huf.schtn lorzcit, 
equally takes ground agaiuBt M. Troyou'ii book. (See Uciiagc, No. 10, Octo- 
ber, 1863, page 373.) 
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AGRICULTURAL IMPLEMENTS 



OF TUB 

NORTH AMEBIGAN STONE PEEIOD. 



BY CHA8. RAU, OP NEW YORK. 



Hy cc>lIcctiou of ludian stone implements contune a nmnber of specimeni 
nmarkftble alike for large suse and superior workmanship, which, to all appear- 
ance, have hceii used lor ap^ricultural purposes hy the ahorigincs of this country; 
and, as no descri|)lion of similar relies has appeared as yet in any modern work 
on North American ethnology or aulii^uities, a notice thereof might be acceptable 
to all who take an interest in the former condition of the aboriginal inhabitants 
of North America. 

The implements in question are of two distinct forms, represented in the wood- 
cuts, fip:nres 1 and 2, and may be classified, from their shape and probable 
application, aa sJtuvds and hoes. The material from which they are chipp<'d, 
and w hich I never succeeded in discovering an situ, is invariably a very hard 
flint of a blnish, gray, or brownish color, and a slightly conchoidal fractnre» and 
quite unlike that variety of flint of which the arrow and spear heads occurring 
m the west are nsoallj made. 

lig. J. Fig. %, 




Fig. 1 represents one of the shovels in my possession. Like all other speci- 
mens of this kind, it is an oval plate, flat on one side and slightly convex on the 
other, the outline forming a sharp edge. It measures abore a foot in length, a 
Uttle more than five inches in its greatest breadth, and is about three-quarters 
of an inch thick along the lonpritudinal diameter. The workmanship cxhiliits 
an admirablo degree of ekill. Besides the specimen just describod, which was 
discovered in a held near Belleville, St. Clair county, Illinois, I possess two 
others of similar shape and workmanship. The one of these last named I found 
myself within sight of the celebrated Oahokia temple-mound in Illinois, in the 
construction of which it may have assisted centuries ago ; the other was dug up 
in 1861 in St. Louis, while earthworks were built by order of General Fremont 
for the protection of the city against an appreliended attack of the southern 
8ecessi(»nist8. When attached to solid handles, these stone plates certainly con- 
stituted very efficient digging implements. 

Fig. 2 illustrates the shape or a hoe. This specimen, which was obtained 
from a burial-mound near lllinoistown, opposite St. Louis, is seven and a half 
inches long, nearly six inches wide, and about half an inch thick in the middle; 
the round part is worked into a sliaip edge. Another specimen of my coUec- 
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tion, of equal workmanship but interior in (size, was found, after a heavy rain, in 
a garden in the citj of Belleville. The fastening to a handle was facilitated by 
the two notches In the upper part, and, in order to constitute a hoe, the handle 
was doabtlees attached in such a numner as to form a right or even an acute 

angle with thn «tono plate. 

It' the j^liajx! ot' tl)(! dcscribfcl imp!<'iaentf did ?!"t indicntp their ori^'inal n>e, 
tiic peculiar tracCij of wear which ibey exhibit would turiii;*h almost conclaaivo 
evidence of the manner in which they have been employed ; for that part with 
which the digging was done, appears, notwithstanding the hardness of thenuite- 
rial, perf(>ctly smooth, as if glazed, and slightly striated in the direction in which 
the implement p( iu tnitrd the ground. This peculiar frntnrp is common to all 
gpccimf^nf of my collection, and also to the i'vw which I hive seen in the pos- 
session of others. They seem to be rather scarce, and merely contined to the 
8tates bordering on the Kississippi rirer. Dr. £. H. Davis, of New York, has 
none of them in his excellent and comprehensive collection of Indian relics, and, 
eooseqnently, door^ not describe or represent them in his work on the "Ancient 
Monnmentf* of the Mississippi Vallf y," rormin^ the fn-st volume of the Smith- 
sonian publication? ; nor am I awaif iliat Mr. behoolcraft has mcutioued them 
in his large work on the North American races. 

A passage in the *' History of Loaisiana,'\ by Dn Pratz, refers, doubtless, to 
the implements described by me as hoes. In speaking of the ogricnltural pur- 
salts of the Indians of Loui.<iana, that author observes, they had invented a noe^ 
(piochc.) with the aid of which they prepared the soil for tin culture of maize. 

These hoes,** he says, *' arc xhapcd lihc a capital L ; thci/ cut tvUh f^c etJge 
of the lower part, which u entirely Jiat.*** It is true, he does not mention of 
what material this "lower part" consisted, but we may safely infer that it was 
stone, the substance from vnitch the aborigines of North America manufactured 
nearly all their implements of peace and war. They had no iron, and the 
scanty supplies of native copper, di riv< d from the region of Xiako Superior, weie 
almost exclusively used fur ornaTm iital purposes. 

The fact itself that eimphj agriculi ural utensils of Indian origin are occasion- 
ally met with is by no means surprising, for we know from the accoants of the 
early writers that many ot the North American tribes raised mftize and a few 
other nutritious plants before the arrival of the European- i this continent. 
3raizo was, however, thrir ])nncip;il produce, and that on wliicli they mainly 
drpendf d. In d' scribing tlio ill-fat' d Misf^istJippi expedition of De Soto, Onr- 
cilado de la Vega speaks repeatedly of the extensive maize fields of those Indian 
tribes through whose territories that band of hardT adventurers passed. During 
an invasion of the country of the Senecas, made as early •&« 1687 under the 
Marquis do Nonville, all their Indian com was burned or nt]i< i wl-r spoiled, and 
ihc quantity Mius destroyed is said to have amoTintcd to lOO.OOO minot-j. or 
1.200,000 liupholfj.t It is even ai^scrtcd by Adair, that the <. >lnnist3 obtained 
from the Indians *' different sorts of beans and peas with which they were before 
entirely unsicquatoted."t 

From these and other fkcts, which need not he cited in this place, we leam 
that the North American Indians generally, though wamots by disposition and 
htniter?: by necessity, had, nrrr rtheless, already made pome steps towards an 
agricultural state. But tlio events that happenfd after the arriv.il of the whites, 
Instead of adding to their improvement, served only to lower their condition, and 
reduced them, fiuoaily, to the position of strangers in their own land. 



• Cos piochcs 8ont faites commo uno L capitalo; dies trancliont par lea c6i6» dti bont bas 
qni est tout plat.— i/ittmrs </« to Louuian$t par M. Le Page da Fratx, (Fads, 1758,) voL ii, 
p. 176. 

t Pocomentaiy Histoiy of Kew York, toL I, p. 83& Thla esttmate wmj bo soawwhit 

exaggerated. 

t Too UlBtory of tho American Indians, by Jame« Adair, (LouJuu, 1775,) p. 4ud. 
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AirCIRNT POBT AND BUB1AL4] ROUND. 

Prrry City, New York, January 25, 1864. 

The remains of an ancient fort and burial-groimd cxiut about one-half m'llo 
norlhwcHt of Waterbur^, a email village iu the towu of Ulyeses, Tompkins 
coimty, New York. When the country about here was vosettlcd, some i>ixty 
years ago, tho remains of this moniiment of a former period was plainly to be 
seen. The fort (by which name it is called and generally known about here) 
was situated on a rise of ground some twenty-five or thirty feet aLovi- the level 
of a !*treara of water — Tanprhaiiie en ek — large cnouj^h, when the country was 
ucw, lo run a bavv-mill four or live moalhb of the yeai', the creek formiug the 
southeastern boundary of the lot. 

The ** fort lot'* contained eight or ten acres, perhl|pB, and around its eastern 
and northern side:* an cnibaiikinent was thrown up several feet in height. At 
this tluu! it is not more than one foot, or near that; but, before it was ploughed, 
it was considerably higher than at present. At the northwest extremity of 
this embankment a ditch was dug at right angles to it. Around the outside 
of tho embankment posts were set, which, perhaps, served the same or a similar 
purpose to that which our fence-po.-JtH do now. These po.^t?* were set into the 
ground to a depth of three feet, and judging from tin's we should be led to con- 
clude that they extended above ground right or ten leet. On the west isido 
there were three rows of posts, but no embankment that could be discovered. 
Bat it is very probable that tbo ditch, of which I have before spoken, extends the 
whole length of the west side, though it can now be traced but a little way. 
„ At the U(»rtheast and soutln n?t comers there were gate-posts set, where the 
gates were situated, whieh atVin did i ;xre?3 and ingress to tlie camj). The t-outh- 
eaat gate was calculated to ailurd a direct passage to the stream of water belore 
mentioned, while tho other one led directly to a bnriaUgronnd. On the southern 
and Bootheaatem sides there is a bank fifteen or twenty feet in height, and 
pretty steep. Posts were licre set part way down tho bank so that a bridge 
might be formed over the bank for some purpose besides preventing any one 
from entering from that side. Mr. Jonathan Owen, (an aged farmer who resides 
near the fort,) from whom I have most of my information, thinks that the inhab- 
itants of the enclosure had access to the creek by an nndcrgtound passage. Let 
this be OS it may, it is very evident, from tbo appearances around, that they 
guarded ngain^^t enemies on all sides, thus showing that some other party or 
nation waf« hostile to them. 

About sixty years ago everything that I have described was distinctly visible. 
Parched Indian com was seen in consideiablo quantities in various places. 
The corn, in fact, was burnt black, and everything else showed that the whole 
Btructnic liad been destroyed by fire. If it liad rotted down or decomposed in 
the onliu iiy way, it is not probable tliat tlie wooden part of the fabric would 
have remained many yem-s. The part of the posti^ that entered the ground had 
been burnt to charcoal. It is probable that large quantities of Indian com 
which were put up for future use were destroyed by fire. Mr. Owen stated that, 
"after digging through about two inches of loose dirt," ho came to a bed of 
about tho tsame thickness of bones, oyster, and clam shells, and a considerable 
fjiiantity of earthenware. Tho bones were principally deer's bones. Below 
this was a bed of ashes af nearly the same thickness. Tho remains of their 
earthenware showed that they bad made some progress in the arts. 

When the embankment around the northern and eastern sides was ploughed 
it wa? found to be composed of a loose mucky earth, very much resembling 
earth form fl mostly from rotten wood. This led Mr Owen to the coneluftion 
that the embankment was formed of logs covered with earth. Its being covered 
irith earth to some depth would prevent the logs firom taking fiie when the 
Btmetore was destroyea in that way. 
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A part of tlic cmbaukmcut cxteuJd iuto the woodti on the north side, and oa 
it are growing several trees, one of them s pine tree 3} feet in diameter. Th^ 
tree has undoubtedly grown where it is since the embankment was made. The 

tree must be several centnru-s old. This, and in fact everything aroond i^ 
tt'stiliea to the compuraiively great antiquity of the fort. 

A few rods to the west of the enclosure, on a luioll, there were two burial- 
grounds, where the dead bodies of the Inhabitants were deposited. Sixty yean 
according to my father, "a hundred graves could be counted In a row.*' 
Thp.-^e burial-grounds were quite extensive, embracing not \c»s than two or three 
acres. In rt tjortbeaBt direction, about fifteen rods from tlie fort, was another 
burial-ground. The northeast gate, as before mentioned, led directly to thi? 
one. Thiii burial-ground g^ntained at least half an acre. In all of them tho 
bodies were as thickly deposited as they conveniently could be. The last 
burial-ground mentioned is 8till visibly it being in the woods ; but the other two 
have been ploughed, so that they cnnnot be distinguished at present. In the 
one that is now distinguishable, I have as^it-ted in digging out several graves. 
In some, bones were found; while in others, nothing of the kind were seen. 
Wherever there ia a grave the earth is sunk a little. In the first one that 
was opened we found tho thigh-bones, hip-bones, arm-bones, and various other 
smaller ono?. A jaw-bone and several teetb were found, but no hair. We 
used nothing but our hands to throw nut tho earth with; otherwise, it i- [«r'dt. 
able, we should have found more things. The earth was very loose, and it was, 
conse«|uently, easily thrown- out. The depth of tho grave was about 3^ feet. 
One grave, in which several bones were found, was under a root of the stomp 
of a Targe pine tree. This treo was, perhaps, from three to six. hundred years 
old, and it irf probable that it hn? grown there since the grave was madr. 

All thing:^ indicate that these people were buried in a sitting posture. The 

f raves are \ ery short, not being more than four feet in length. Also the jaw, 
ip, and thigli bones were all found together, just as they naturally would be if 
the body was buried in a sitting posture. 

Vari ija little trinkets have been found on tho "fort-lot" at different times. 
A great many arrow-points have been found there, made of the hardest flint 
Stone. JStonc hatchets, or axes, have also been found. Several years since, a 
neighbor, Mr. David Farrington, found a pipe there, probably used for smoking 
tobacco ; the stem was not very long, but of a sufficient siae to admit a wooden 
stem of any length ; the pipe-bowl had the face of a frog formed on it. 

Within three miles of here there arc three other similar forts to the one which 
we have hero described. 

DAVID TROWBRIDGE. 



remains of an ancient town in minnesota. 

Itasca, Anoka County, Minnesota, 

November 25t 1S63. 

Dear Sin: Presuming that your Institution ia the proper one wit li which 
to lil<^ a report of new discoveries, I take tlie privilege and plea.<ure to inform 
you that indications are favorable to encourage the belief, that upwards of one 
hundred years ago there existed at the month of Grow river, where it empties 
into the Mississippi, 24 miles above tho Falb of St. Anthony, a town compris- 
ing at least seven hundred inhabitants. I have commenced collecting the ar- 
tieh that have been found, with the intention of forwarding the same to you if 
you*desire me to do so. 

We presume that the village was destroyed by fire of an enemy, for these 
reasons : we find the outlines of the buildings forming ridges of earth, under 
which are ashes, indicating fire ; we also find human hones near the smfinsb 
which leads to the belief that they were not buried. 
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As to proof of the ftge of these niius, trees have been cut down having one 
hundred nnjz^r*, which were growing inside of the piles of aphr?. 

That tliey were at lea^t civilized, is shown by onr fiTidiiig tlie locality of a 
bhicksmith'a forge, where the cinders, bits of iron, 6cc., were plenty. Each 
hoase was fhrnidied with a fireplace of stone, the foundations of which are 
easily found. 

Among the articles I now have, though somewhat decayed, are knives, forks, 
a fish-hook, pioco of cliin.i IidavI. pi»'ce of looking-glass, very long and wrll made 
wrought iiiiils, part of an iron hinge, part of a clay pipe, strips of copjn r, one 
knife of extra line ijuality of steel — has the name of " Pclon'' on the blade. 
If among your antiqaities yon have any cntlery bearing the same mark, it may 
perhaps assist ns to ascertain the direction these ancient settlers came from. 

If you deem this information of any value, and will give me any directions 
rep;nrding further explorations and the raannor in which yon wi<h the articles 
s< iit you, I will, aB t^oon as the frost in spring will permit, liiru over the a.-hes 
in several more places, in hopes to find some record to atltl interest to the dis- 
covery. 

Can yon gather any information by examining a jaw-bone of a hnman skde* 

ton I 1 have one I can send, found near the forge. 
I remain yours, most respectfully, in haste, 

O. H. KELLEY, 

P. S. — I am the oldest white settler, with one exception, in this neighborhood, 
having been lierc since January 18.'>0, and have seen the forest gleared from the 
ground where these ruins are found, and tho [jrosont little town of Dayton 
Doilt up. benator fiamsoy will vouch for my being an old settler here. 



ANCIBNT RBLICS IN MISSOURI. 

Washington-, March 14, 18G4. 

]\Iy I>kah 6ir: I promised you some time ago a description of eome ancient 
relics of pottery from the mounds of Missouri, but that prouuse has remained 
nnfolfillea up to this time. 

Accompanying this note are photographs of three vesseils : 

1. Front vi(»w ) of probably a priest, or some oflScial personage, if we re- 

2. Protilc vi- w ) gard the head-dress as a badge of office. 

4* Pro^c view } ^ captive, bound, perhaps, for immolation. 
6. A plain vessel without anv ornamentation. 

These vessels arc about twelve inches in height and are composed of day 
slightly burnt, and arc without any glazing. The interior is hollow, and the 
oriticc in two instances is at the sifle, and in the other at the top, Tlip tliick- 
ness of tho crus't i?" about one-t'ourth of an inch. I regard tliein an \sater- 
coolers; the texture being such as to retain water for a cousiderublc time, and 
also to allow evaporation from the exterior surface. 

I think you will agree with me that the ancient sculptor exhibited ^consider* 
able skill in moulding. The proportions of the features arc not very grossly 
cxas'p^ffatefl, and he possessed pnfScicnt ?kill to delineate the traits character- 
istic of his race. Tho?e traits Ix iong not to the North American Indians, but, 
1 think, to the Peruvians. The fillet on the head I am disposed to think was 
made of cloth. I hand you specimens of ancient weaving, which I have here- 
tofore described. (Fitfe Trans. Am. Asso., Albany meeting,) [1855?| 

These specimens were taken from mounds in Mississippi county, Missouri, 
by the late Sylvester Sexton, of Chicago, and are now in the possession of his 
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widow. From Mr. Btevena, wbo assuted in tbe exploration, I drew tbe follow* 
ing partieulan : 

There nro pf vortl monnds scatfertMl {lirou;;-liont this country, but tho !;irr^e-t 
group, and that iVnin wliich thcoc relics were taken, if on section G. township 
24, range 1 1, extcudiag over about ten acres of ground. The mounds xtiry from 
10 to 30 feet in hei^'ht, and many of tliem, on exploration, have yielded relics. 

The most eonveuient point of approach h from Columbus, Kenmclcy, being 
about eight miles distant, and about seven miles from the battle-ground of Bel* 
JMmL 

Yours, very truly, 

J. W. FOSTEK. 



mound in tennessee. 

Salbm, Mabion County, Oregon, 

Decern her 12, 1863. 

Sir: We write on a .suljjcft of some though not of threat momr-iit. Tliat 
subject i3 this: On a mouud, in Ea^t TeuuesHec, on Lick creek, near its June* 
tion with the Nolcchuckcy, iu Greene county, &ix miles north of Warrensburg. 
It IS some twenty-five or more feet high, covers an area of half an aere or more, 
is cone-like or round, is quite steep, and flat on its apex. It is a made monnd* 
is of loam, ajid in tli*' liottom next the creek. There it^ .in excavation nmr, 
showing, <'vi(l( nily, that tlie l arth removed i'* that of which i:^ f tniied tlie iiiAnnd. 
Thia mound is lull, so far as tfxamined, of human bonc.-i and carbonized wood. 
The bones lay irregularly, and seem to have been thrown in promiseiiously. We 
think this a cem^ry , or burial of slain in battle. The skeletons are larger thaa 
our race; arc yellow and firm and strong when disinterred, but soon cmmble on 
exposure. TIu- .npox is flat and funkcn h\ the centre. Our informant, Mr. 
Isaac W. liewlev, Idothir to tlie mailvr, Anthony li' wli v, dnij down some 
three feet, on top, aud aime to ii burnt, &mouth Hurface, under wiiieh, iu sinking, 
he found large pieces of charcoal aud considerable ashes. Mr. Bewley's father 
settled, or rather bought the place, some fifly years ago. How long it had been, 
settled before we are not informed. The cause of our informant digging down 
on it.s top was from mere curiosity T]ii:^ mound ha? no name that we know of. 
We have given yon itni location, hopin;^ you may make ktiuwn thij^, we think, 
, important matter. The opening of thi» mouud might lead lo more than mere 
coiyecttire concerning a once enlightened race. The earth seems to have been 
dug and devoted for a tomb. This shows some adwaue in the race who did it 
An excav.ttion might rei'dt/ important facts. We think the mouud should be 
examined. What ha? an examination of tlie Jacu-;frian cities It d to? To im- 
portant n stilts to tljo anduTolof^ist. And might not .«omc goixl result from an 
exhumation of the remain* in this mound I We think so, aud therefore urge iL 

We have written this for the cause of science— the light that may flow from 
an examination of this Lick creek mound, near the junction of lick creek with 
the Nolechuckey. 

And now another matter : We have here Komo relics of Indian?, as stone 
mortar.'^ and jjftsflcs. arrow point?, ?tone axes, stone scraper:*, or knives, &c. 
Would these be of any use to the bmithsoniau Institution 1 If so, please write 
me at your eailiest opportunity. 

There are moo&dfl in this conntiy, too, and if yon desire it we will write you 
about them. 

We aiOf dec, 

A. F. DANILSi:;^. 

JubEiii Hbnry, 

Seareiarjf 8mithi<mian ImtUution, Washington city, D, C. 
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TRANSLATED FOB THE SMITHSONIAN INfiTITUTIOK FBOM THE QEBMAH 

PERIODICAL, "AU8 DER NATUR," Ac. 



The idolatry of classical antiauity Cuds its chief antagonism in the natural 
sciences, li would be easy to show how many illusions, nestling in the heads 
of the admirers of the olden time, have been di«pellcd by modem chemistzy 
alone; and, ^though oar present purpose is to deal with two objects of snh- 
ordinate iinporunoe» jet these also serve to show how very broad is the line of 
separation Lctwecn our own timofi nnrl the romole age:«, to wlio'^o languages and 
ideas so much of the time and trainiug of our youth mo c ommonly devoted. 

The colors of azure and purple were among tlie mo?*t highly priced as well 
as the most highly prized prodactions of antiquity. The former was sold for 
its weight in gold, and the latter was especially reserved for the noble and the 
powerful; its use was in some ages even forbidden to all beneath those of the 
nighest rank on pain of dnntli. Science and art have wrought here a striking 
chancre; being no longer imiitcd to the direct <;ift8 of nature, we are abh-, fVoni 
the most apparently uupromi:«ing raw material, to furnish for the use of tho 
whole commnnitj what could then be bat scantily prodnced for the roling few 
The contrast is certainly f^u;,'};* stive. 

As early as three hand red and fifteen years before the Christiati era, Thcopb- 
rastus drew a dif'tinction between nntnral and artificial azure, the biTt' r of 
which, he tells us, wa.^ nv;Tnif ictnr<'d in Kjrypt. It soom? most probable, how- 
ever, that the terms naliual and ai uiicial indicate in lliis case only the greater 
or the less degree of care with which the color was ]nepared from the bcaatifld 
stono which wo call hapU lazuli, to which the ancients gave the name of sap- 
phire. While in some cases the stono was merely reduced to a fine powder, in 
others, probably, the coloring matter was more carefully separated, as is done 
in our own day. 

The Lupis lazuli, Or sapphire, is found in the least accessible parts of Little 
Bucharest, Thibet^ China, and Siberia, in layers or strata of granite or limestone. 
Of old, as at the present day, it was polished and wrought as a gem, and it is 

almost the only member of the large family of gems that has an intrinsic value. 
This distinction it owes to the fact that, in addition to it3 great beauty, it yields 
for the nPC of the painter one of his most be iutAul colora, which, moreover, is 
unafiected by air or heat ; lluit color is ultrauiariue. 

As lately as the commencement of tho present century, ultramarine, or azure 
blue, was not simply a fine powder of the ^nu, hut the resylt of a long and 
troublesome process. The stone was first broken into small pieces, and even 
thia fn ^t stop in the process wns no ca«y one, the stone being exceedingly bard. 
The pieces, of the size of a hazelnut, were cleaned by means of lukcwarn! water, 
then made red-hot, and afterwards slacked in a mixture of water and acetic 
acid. The cohesion of tho particles is so great that this process must be xepeiHtod • 
from six to ten times before tho mineral can be transformed into a fine powder. 
It is afterwards renden d still finer by trituration with the muller stone of the 
painter, having ))een first mixed wil]» water, honey, and dragon's blood, tlicn 
treated with tlie ley of the ashes of the irapevine, and finally dried. The pow- 
der is next coiiipuiinded into a mass wiih turpcutiuo, rosin, wax, and linaeoa oil, 
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melted together, and kneaded uuder water. By this process the fine powder is 
washed out, and in time einks as a sediment in the liqiiid. The mineral yields 
not more than one-fourth of its weight of coloring material. 

Up to a very recent time Italy continued to be the rhi( f. a.^ it had been the 
original, mnniif'itfory of ultramarine, and tlH'ncc tlic (ineat bli;uU > wet-p df^rivfd. 
The tedioiij^nc-s, (he ditliculty, and, cousimjik uily, the co8tlinej«s iu boih I'wm 
and money of the old proccda of produchig ultramarine from the Lapis lazuii, 
naturally exeited great desire among scientific chemists to find some cheaper 
and readier artificial mcani) of producing that color, doubly precious to the 
painter for its beauty and its perinnnoTicy ; but h^o invariaule from difterent 
cau.scs were the failures of all attemj>t.> iu that direction that flio solution of the 
problem wa-s well nigh despaired of, when hope waa ad suddenly as accidentally 
revived. In 1818 it happened that in France a sandstone furnace for the melting 
of soda was taken down, and a beantii'ul colored substance, never seen there be- 
forc, discovered. It was remarked, that formerly the furnace for the melting 
of soda had always boon con^trnctod. not f>f pand-tonr, btit of brick. Tho mass 
of matter thus discovered was examined by Vau(|Ui'iiu, who ob.aorvrti in its 
appearance and comjposition points of great resemblance with ultramitriue; bat 
still no clue offered itself to guide him through the perplezittes of the investi- 
gation. Similar obfcrvation.<? were made in other aoda manufactories, aSt for 
inptnncr, by Hermann, iu Rcbrinlirck, wlio li.ul thrown away nbovo n Inmdrpd 
wt iglit of tlic colored maris found in a similar funiace when the latter wsis palled 
down ; and by Kuhlmann, at Lille. We ahall not venture to decide whether or 
not the " blue material," mentioned by Gtfethe in his ** Italian TraveU/' (1781,) 
as being taken from limekilns in Sicily, and nsed for the adornment of altan 
and other objects, was homogeneous with this product of the soda furnace, and 
whether both were, in fact, an artificially and accidentally prodnced iiltrnmrtrine. 

The question remnined unansworrd, how was this substance i!i the ca*e 
of each furnace produced i In what did it originate ? At length, iu lb2b, ihe 
solution of this important question was found and published by Professor G. 
Gmclin, of Tuebingcn. During eighteen years he had been occupied wiA 
rf^^rarcbr-;; on the '* Lapis lazuli" rnd it? kindred niiiiorals, tlic product^i «>f the 
volcanic ernptions of Vc?nviii?. Krflcctin^ on tlie recent tircnmstanco, he \vs« 
led to believe that, notwithstanding there had been bo many unsuccessful 
attempts, the pioduetion of an artificial ultramarine was not an impossibilitj. 
Further study of the natural coloring substance disclosed to him the sulpburout 
portion of the components, and holding that clue he at length succeeded m 
producing a most brilliant nltramarine. 

At about the same time, auoiher German chemist, the well-known *• Doebe- 
rciner," had a glimpse of the true nature of the coloring principle of nltmmarine. 
Ho was the first positively to assert that it was to be attnbutea to sulphur alodsi 
He obtained, however, a mere glimpse of this beautiful discovery, other oecupt* 
lionF* preventing him from tnlluAviu;,'- it np. A very few more experiment's, md 
he would have been comjilctf ly in jio^.-'C'^.-'ion <>f it. Omrlin wnp pcarcrlv ninre 
successful, though the abj^encc of this additional jewel in his s^cientidc crown 
was owing to a different cause. It is not in the nature of a true savant to 
place his talent at usury, or, iu plainer terms, '*to make money by it;" tfaouj^ 
now and then doubtless, in these days of extravagant projects, it is not impos^ 
siblo to find a savant at the lioad of f-nmo speculating mantifirtnry, to tlie 
succet^s of which hh reputation givf.s a substatitial gnjrantee. Men of .•«cicncc 
of this kind arc certainly much sought after by industrial speculators, yet the 
exceptions do not greatly affect my assertion as to the general disinterestedness 
in this respect of the Germau savant,* He, for the most part, when, in the 



* This characteristic is by no means confined to German savaati) but Is thared by bmsI 
aea of scSenos la all conntiks. * 
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of hia researehes md ezperiment8» a discoveij has been made which may 
he rendered available for tttilitaiian purposeB, forbears to make a Becret oF it, 

pnblif^hpf it without reserve, and leaves tne pecuniary lmrvo.=t, larg^e or pm.-i!/, to 
be reapi d l.y (ithrrd. Is this hecauife the enthuaiastic >;ivant has so little worl^lly 
wisdom, or so exclusive a desire of reputation ? Gnielin'sowu words maj, per- 
hape» help the reader in forming a reply to this qneetion. He eays : I have 
thns mentioned all the eircumstanoes which must bo kept m view in the man- 
ufacture of artificial ultramarine, aiul T have also added snmc liint;^ for the ti^e 
of those \\\\() may make it tlir-ir object to manufacture this color on a larf^fr 
scale. 1 Jiave now only to desire that others in like manner may unreservedly 
pnblkh their ezpeiienee on tbe subject, so that the prodnetion ef thu articfe 
may, as early aa posBible, attain to the highest degree of perfection. We can- 
not, it is true, when an important technical discovery has been made, which 
proraisea large profits, fairly blame any one for keeping it a secret until Im- liaa 
achieved that great and justifiable aim of all mankind, security agaiii^l want; 
but beyond this, no one has a right to maintain secrecy that he may secure 

Sain. And it is very much to be regretted that by the withholding of so many 
iacoveries (often buried with those who m tko and conceal them) science has 
been hindered in its progre?=«, and an ob-t.K ] • thrown in the w.iy of tho noblest 
object of man, that, namely, of increapini; knowled^i^e and diffusing civilization.** 
Such, literally, was tlie pra,ctice of Gmeliu. While at Paris, iu 18:^7, and pre- 
Tions to the publication of his discovery, he unreservedly communicated his 
ideas on the artificial production of ultramarine to several cbcmii^ts, especially 
to Gay Lufsac. And, behold ! on the 4th of February, 1828, Gary Lusgac made 
a rep<u t to the Fronrh Academy that Guimet, at Toulons^e, had succeeded in 
manufacturing ultramarine of all kinds. Did the discovery originate in the open 
and disinterested communication of Gmelin, or did it not ? Who shall decide 1 
Guimet, it is but just to say, warmly defended himself against such a suspicion ; 
he affirms that he was prompted to his experiments by the examinations of 
Laph 1a~>'!i made by Desormea and Clement, and claims that he had produced 
artificial ultramarine before Gmclin's visit to Pari?. 

Whether tlic method of Guiiuct is essentiidly different from ihuL oi (jmrlin 
eaiuiot be determined, for, while the latter publisbed his discoveries with e\ cry 

5 articular, Guimet, on the contrary, has kept his method a secret to the present 
ay. In fo far a? profit is concerned, Guimot, it must be confessed, has main- 
tained the advantage over Gmelin, and Franco over (Jprmany ; for Guimet forth- 
with made his discovery lucrative to himself and others. As early even as the 
same year, 1828, he had erected a manufactory at Paris for the production of 
artificial ultramarine, which he sold at two dollars and sixty*six and a half cents 

Ssr pound, while tlie natural article was a little more than double that price* 
nimet snceerded in having his product adojjtnd for the painting of the beau- 
tiful ceilinp;,^ of the museum of Charles X, and ihcnceforth liiti fortune was made. 
In 1834 the price bad risen to from four to five and one-third dollars per pound, 
but in 1844 had again fallen, and ranged from two and one-sixth to two and one- 
third per pound, though the best quality for oil painting was still sold at six 
dollars and forty contf. HMic choapno?s of tlio ordinary article enhanced the 
demand, and tlie ])roduct of (Juimet's factory speedily ro^r* from twenty thou- 
sand to one hundred and twenty thousand pounds, of which twenty thousand 
pounds were exported to foreign countries. Not only did Guimet amass im- 
mense wealth; be was tbe recipient also of many public honors. From the 
French "Society for the Encouragement of Industry" he received a premium 
of t*!, 000 francs, and medalfs from various French industrial exhibitions; and 
this as early as 1834, when the real importauce of this eminent discovery could 
have been scarcely appreciated. In 1851, at the London exhibition, Guimet 
received the large gold medal. 
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In Germany the manufacture of ultramarine proceeded at a far elo^^ er and 
less profitable rate, though the directions publitihed by Gmelin would have 
amplj sufficed for maaufaetariog on a. nmch larger scale. He already kneir 
that the proportions of siliciouH earth, natrOD» and potter's clay might vary to s 
cortniti extent wiiliout at all afT -f iii^-- tlieref^nlt; and he luitl also found that 
the prodinlion of artificial ultramarine require!^ two di8lin<*t operational viz; 

1. The production of the so-called green uiiramariiie ; and, 

2. The transmntation of the green into the bine article hj roasting the Ibrmer, 
while allowing the access of air. 

This latter necessity he was taught by the accidental bursting of a crucible. 
His observation of ihh accident enabled him to im^tcr the wholr process, and 
ooiiduct it to any desirable issue. To the manufactun; on an exteuisive scale, 
howevcrf the condition insisted upon by Gmelin of perfect or chemical purity in 
the siHciotts earth and the potter's clay employed, continued to present as 
embarrassing obstacle on account of the delay and difficulty in bringing the 
material, to that state. 

It is true that he had him.Hclf raised the qiic.-^tioii whether the production of 
the two expensive materials, both of them being compouents of potter's clay, 
might not be dispensed with, and he experimented upon Tarious specimens of 
tolerably pure clay containing the maximum of 4f per cent, of iron. But ho 
considered the re.^nlt.s of the experiments nn«nti?factory, on account of the 
presence of even such a proportion of iron. Fr'Mii a porcelain clay containing 
very little iron he obtained, inde(Hl, a very beautitul uitramariue, which he con- 
sidered Quite fit for oil painting, especially for landscapes. But even this pro* 
duct could by no means he compared to the natural and most beautiful kind. 
The artificial article always retaincMl a scarcely perceptible tinge of green and 
gray; while tlie positive red, on which depends tie' prculiar brilliancy of the 
natural ultramarim>, wan wanting. Thi? differriK was e^j)ecially noticeable 
when both pigments were rubbed iu oil. The circumstance that Gmelin aspired 
to the highest cxeellence, and would not content himself with mere mediocrity, 
was an obstacle to the introduction of this article into German industry* and 
re,«tricted its nsewhcn it was introduced. Still, the first Gf-rraan mniinfactnry 
on the principle of (Inielin's process commenced working in ls;M,und< r ihc 
manag<'ment of Levcikus^ of Wcrmclskuchen. and very soon occasioned a 
great change alike in tho'prico and the popularity of the article. 

In 1832, tlie celebrated French chemist . DumaR, in bis " Mi»nual of Chemis- 
try,*' had expressed the opinion that chemical purity of materials might very 
well lie dispensed with in the m!inuf;icture of artificial ultramarine, and that 
common clay might be mv.d, provided it did not pontain too much iron. Prc- 
fessor Engelhardi, <»f the Polytechnic School, Nuremberg, while translating the 
works of Dumas into German, was especially impreewd by that statement 
and was induced thereby to make new experiments, but his labors were tenni' 
nated by death hefore he had obtained any positive and jiatisfactory results. 
His assistant aud successor, r/eykauf. continued the deceased professor's expcri- 
meuts, aud was fortunate enough to succeed, where all previously had failed 
By means of potter's clay, Glauber's salt, and coal, he manufi^tured the most 
beautiful ultramarine, in the renowned manufactuory of I/ey Bauf, Ileyne & Co., 
at Nuremberg ; and in a very few years the firm counted its wealth by millions. 
Nowhere else liaf^ t]ii?< branch of industry acquired such an extension; In injr 
conspicuous even among the diversified activities of Nurcmbeig, aud Jostilying, 
therefore, a brief description in this article. 

In the vicinity of the Nnromherg railroad depot, the attention of the ob- 
servant travd! T pretty sure to be attracted by astatdy and spacious maai 
of bui1dinj;r5 ot white and red sandstone. The long iws of Btructurc?. with 
their streets aud yards, cover a spaco of some eighteen acres. Sifrroundod as thi". 
« 
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whole is by a rampart, one might at first faucy liiiu;>elf to be looking upou a 
IbrtrQss. Bat the smoke from numerous tall chimDcys would speedily correct 
fbiB error and betray the abode of ingenious and i§uccer<sful induiiitry. It is to 
be regretted that visitors are rigidly excluded from the interior of this industrial 
hive; n useless exclusion, jis the manufartnre of ultraraiirine can no hmger by 
any possibility be considered a "ecrft. Tlie visit of the Kiii^r of Bavaria, in 
ISao, to thbj cijuuUy intt-resting and important factory, so far lii'ted the veil 
that we posocdB aomethiug like a reliable description, instead of the strange anr^ 
inises which wore previously hi circulation with respect to it. On a first ghince 
at the exterior we perceive that the vast erection has been built piecemeal, ad- 
ditions having been made from time to i hw to un i t thf Tioco<^ities of the increas- 
ing business. It required llu' l ui^ period of t?cvculec':i ytMrs lo rendrr the 
whole what it now is — a strucluie heterogeneous, indeed, in appt^rauce, but 
really posses.- ii>^ the highest conceivable adaptation to the purposes for which 
it was designed. 

Three rows of the buildings are devoted solely to the preparation of the raw 
material, the motive power consistino^ of two steam enghioB coi^oinlly po?«sossing 
a thirty-eight horse-power. So variou-^ and well coulrived arc the stampers, 
cru.^biiig lud sifting machines, &c., which are set in motion by these Viuious 
worki), that a small amount only of human labor is required to furnish abundant 
raw maU;rial to employ elsewhere a vast number of hands. 

Groups of buildin^^s surrounding those just mentioned contain water-works, 
and consist of five divisions of vaulted galleries, snpportod bv iron ])i!!ar^. 
Near these* arc tin; drying stoves. Close by these three principal divi»ioiis are 
the buildings for storing, packing, iind weighing, and the clerku' offices and re- 
pairing shops. Here is a scene of continual activity, the human labor being 
greatly aided by a high-pressuic Steam engine of twenty-horse power. The 
communicanoii between these, various and extensive buildings is facilitated by 
a railroad six thousand feet, or rouHidcrahly above an Knglish mile, in length, 
crossing from east to west, und liom north to south, and similar tram roads of 
timber connect the buildings in the upper stories. The irou railroad leads to 
the depot of the public railroad ; thn^i placing the &ctory in easy and speedy 
COmmuniL ition with the principal high roads of Germany. The weight annu- 
ally carried on this little railroad amoituts t o nearly 2f 000 tons;- about one-tenth 
of which consists of the mniiufncTuifd article. 

About 200 laborers arc cousiauiiy employed in this establishmeut, and it is 
greatly to the credit of the proprietors, /(jitoner & Ileyne, that they have es- 
tablished a savings bank, a sick fund, and a fiiod for the support of widows and 
orphans. 

\Vc have ~[)nki n of the remarkable fall in the price of tiltramarine. Compe- 
tition and iniprovrd machinery and modes of operating have effected so mnch 
in that respect, that the whole prico of the bt si article at the present time does 
not exceed that paid for the mere griiul ng, only eighteen years ago. This con- 
tinual fall of price necessarily compels a corresponding expansion of the manu- 
fiicture and sale to coranensate for tlie deficit in profit. On this account scarcely 
a year pn>«?5e- withmit t iio a lilition of m w Ituildings to this vast (establishment. 
Considerably more thaii o.uOO Ions are manufactured here yearly, at theavera*!fe 
cost of from 2o to 3» cents per pound. The cheapness and exceeding beauty 
of the color cause it to be profitably and largely exported to France, in spite 
of the absurdly heavy import duty lericd upon it there. 

What we have said of Uiis single nuiuufaetory, vast !is it is, gives but a very 
inadeqtiaTc idea of the extent ami im])ortane(^ of the ultram:irine manufacture 
in Germany. At the Industrial Kxhibitioa at ^^lm^ch no fewer than seven ex- 
tensive m muticturera received medals, and two were honorably mentioned. 

At the Parisian exhibition the Freucb mauufacturera did not dispute the ex- 
cellence of the German ultramarine* or the exquisite beauty of its colon. Bnt 
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they complaiiied tbat it was of so manj different sbades tbat the Tarioaa tmdei 

mvi prGfeMionB which Vifc the articln were tiniiPCLS>ar!l7 embanuiscd in the 
choice simong }*o many gradations of color ; for wliilo tin- (Ji rman mauufacturea 
cxhibitf fl twenty (lifiV rnit tints, tho I'n ncli lunii.>-li«Hl but eight. To this Ger- 
mans r<*plied, that in supplying kg many dillereut i-hadea of the color they bat 
complica with the public wish. Yet, nothing can be plainer than that in every- 
thing relative to color and cognate matters of taste, it is not the public which 
prcscribeB, but the artist, who elicits the artificial want. It was Vhidius who 
created the Athriii in tjwtc for the snry>at*.«ing beauty oftlu- Phidian sculpture. 

Up to 1819. France had only two muiiufactoriea of ultraiiiarino. In tliat year 
a third wju* added, in Alsace, (Zuber & Co., at Kixheim,) which deserves men* 
tion with tbat of Guimet, who still gn^tains his loug-established reputation. 
To such an extent is the manufacture of paper-hangings carried on at Kixheim, 
that the manufacture of colors might appear a mei-ely acceseory aiid eubordi- 
natc brand). Hut >ucli irt not the fact ; for, besides supplying the home demand, 
that factory « .\ ports to a very large amount. As long ago as 1S49. the estab- 
lishment employed 500 laborers, at an expeoae of S43.333. And the motive 
power consisted of 44 machines, exerting, in the aggregate, a sixty .two horse 
power. 

As mentioned al)ove, Gmeliu's mode of using only the very purest raw 
materi;il lia- Ixm u abandonrd. But, though the ultramarine inanufacttired on 
his method was midoidircdly more costly, it i^* no less certain that ii was also 
far superior in color to all other sortd of ultramarine. £couomical manufacture 
is now sought in a variety of ways. A white Oorman clay found in many parts 
of the oountiyt and known to the trade under the name of lanzin*'* is the 
most commonly made use of. White porcelain earth is preferable on aooount 
of its f^reater purity. A small portion of magnesia and lime is <)f no conse- 
quence; but if iron be }>resent in grean r {iroportion than oue per ecu:. , the utmost 
c;aru is requisite to produce an cveu tohTablc color. All foreign matters of a 
tangible kind are carefiilly removed by repeated washings ; the clay is then 
dried, made red-hot, and reduced to a fine powder in a mill or stamper. Theee 
preparatory processes, simple as they appear to be, are in reality of great im- 
portaiieo, and the mechanical contrivances for rendering them perfectly l OVntive 
are among the most ingenious, a?! well as the most costly, of all the marliinery 
employed in the manufacture. To the ground or crushed mass there arc now 
added sulphuric natron, soda, sulphur, and coal or charcoal; the whole having 
been previously reduced to the finest possible powder. If coal instead of char- 
coal be used, such must be selected as after combustion leaves the smallest 
qtiantity of a-h<-<. iSomotimos rosin is used inst^Md of coal, and. bring decmn- 
posed by the hear, answers u!l the purpose of the mineral. H< ated together, 
those various mat»;rials become fused into one mass. Upon the process thus far 
described, and, especially upuu the exactly proper proportion of each of the 
materials, the result greatly depends. 

•With rt';: ird to one point in the procedure there is a wide difference between 
the Fnjnch and thf Oorman manufacture. In the latter, G'aulx r s dt or a mix- 
ture of that suit and natron is always used; in the former, (tnly soda. The 
German mode is the more economical, because the sulphuric acetical natron is 
bv the agency of the coal converted into sulphuric natrium, and thus the sol- 
phur can be wholly or partially dispensed with if soda be added at the same 
tim('. It is true that a somewhat greater qimntity of coal will be required, 
but thero can be no comparison between its price and that of sulphur. As to 
the r< suit, it does not seem that the one or the other method is very grealij 
preferable. 

There is great diffennee in the proportion! of the aeveml components of this 
mixture ; but the following may serve oa a generol role : 
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OBBMAK MBTU0D8. 

I'ttrta. 

I. Whit( potter'tj clay, ftee from water 100 

Glauber Bait, free from water 85 to 100 

Coal 17 

11. White pottcr'a clay, free from water lUO 

Glauber aolt, free firom water 41 

Soda, free firom water ^ 41 

Sulphur A , 13 

• Coal 17 

• 

FRENCH MBTHOO. 

White potter's day, free from .water 100 

Soda, free from water 100 

Sulphur 00* 

Coal 11 



Tbe next operation to be performed U that of what is ealled the over-glow* 
ing of thid mixture. It is placed in meltioe pots of potter's clay, formed to 

withstand intense heat, and. slowly dried till burnt. Absolute exclusion of air 
beinpf iiulir^pf^n^aWo, it i.s eMpfcially rerjuisite that the moltin;]^ pots be so tr-mpiTod 
thaf tin y wiil neither Imrst nor become Bofteiiod in the iuteun^e heat requisite 
to burn the maas within them. They may vary troni 4 to 12 inched in height, 
with the like diameter. When filled nu t hey are packed one on the other in a 
fbmaee reacmblinp^ in form a flattened brickkiln. They occupy the whole 
centre of the surface, while the ppace on cmh side of thorn is used for the burn- 
ing of simllnr pot.^. Tlie furniice hv'nvj; properly filled, the mouth id walled np, 
and th<' Jiriiifx coni^ufncea. The burning continuoM durinj* from seven to ei^^ht 
bour8 up to throe days, according to the size, cousfiuctiou, and cont« utti of the 
famace. Fuel mnst be added tul the mass is thoroughly incorporated and 
begins to m -It. Upon th'ia operation everything depends. If it he not prop- 
erly conductt d, the beat and most accurately proportioned raw material will 
not yield a profitable ro-^ult. The tomperaturo must be of a certain heig^ht, 
which is to bo a^fcrtaiiu d bcfoivliaiid by triald in a small fofitinir oven. Tt 
approache.s a bright red or iactptuiit white heat, and mu^t be kept at the samQ 
point during a specified time; and it most be made to heat the whole mass as 
thoronghly iia possible. Wbeii the famaco i.s cooled, the glowed ma:i;3 is takmi 
out and cooled with water, and then repeatedly washed and drained to remov i 
any salt t^Hll rem linitiL^. The now drird and 8pon;xy mas:.^ i^i noxt rcmovd to 
the mill and bri>ken and pulverized to the utmost poddible dcgnM' of tiui'ucss ; 
the powder is repeatedly washed wiili water, and after bciu^ thuruughly dried* 
again ground and nicely sifkied. It has now reached the first stage of ultra- 
marine, or what is called green ultramarine^ and is ready either for sale or for 
transmutation into the blue colored or proper ultramariuo. Ilithcrto, howeveri 
the green ultramarine hm been in no very great request, as compared with the 
bine. It varies thronj^h stjvcial shades, from apple green to blue fjri'cii; and in 
beauty it is iar excelled by the copper color and even by the cobalt. Its chief, 
if not its only recommendations are its cheapness and its innoxiousness ; and 
tho e qualities, important as they undoubtedly are, seem insufficient to counter- 
balance its want of brilliancy. 

The noxt important operation is the transmutation of the green into the hlw.i 
color. II' To there is hut (jno cause for anxiety. To obtain a perfectly beautiful 
blue, we muot previously have a perfectly beautiful green. The latter is roasted 
with sulphur, air being freely admitted during the process. It sometimes hap- 
pens that the change of color takes place without any interference. The sul- 
phuric notrittm contained in the xnasit causes apontaneoos ignition on the admis- 
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sioD of air, and when il>ceaaea to glow we have ttOl SQlplmrie acid preaent, and 

>thc grccti color is thoa self-changed into a beautiful blue. 

As to this process also of transmuting iho p^rocn colur into blue the French 
and Geriu.iu.-i linve their jK culi.ir methods. I'lie Genii iiif use email iron rvl- 
inders for roasting; the French Bmall hearth ovens, into which, howevi r. iin* 
flame cannot enter. Hitherto cylinders of potter'a clay have not been a*iupted, 
tbongb we doubt not that they would serve just as well, and be even more 
dnraSle. The eylioder being tilled with from twenty-live to tliirtj pounds of 
green iiltratnirine, a vane (Flngeluelle) is set in motion ^5 ilmt the eoutent.s of 
th(? I yliinl* r may not \io Imrnt without bein«? first tliorniiglily roat^ted within. 
A pound of .sulphur id now passed through an upper opi uing into the eyiinorr, 
and while the wind- vane continued in motion the sulphur i;i gradually consumed. 
The addition of sulphur may be continued as long as the color improves in 
^ purity and brilliancy, but care must be taken not to continue it too long. After 
the color has been thus roasted it must once more be washed» dried, ground* 
and sifted. 

The French method of roju*tiug possesses this advantage, that, by allowing 
a freer accession of air, the green mass is the more speedily transmuted into 
blue. But, on cither the French or German method, a large quantity of sul- 
phnric acid escapes, which renders the factory a nuisance to its neighbors, 
while, were tliat quantity of sulpliuric acid preserved, it would suffice for the 
production of all tlie Glauber salt used in the manufacture. 

The quality of the green color is the rule and test of that of the blue ; but 
SOUK litiiig of its intensity also depends upon the manner in which it is ground^ 
the finer it is powdered the brighter and clearer it becomes. But not all kinds 
are of equal beauty; lighter tones of color ar< - frequently obtained without there 
having been any appreciable difference in the mixture of the raw materials. 
From the.^c lighter and darker shades a medium kind is obUiined hy mixing 
them together, and adding other white or light materials. Where ihi^ admix- 
ture is resorted to, equal tones of color are out of the Question ; the shades vary 
from the softest sky blue to a glowing* almost ruddy, dark blue— the former 
generally forming a more compact powder, the latter a more loose and smooth 
one. 

The principln up-m v. liit h the blue color of th»' ultramarino i?i dependent is 
as undecided now jus it wa^ iu the time of Gmelin. It id much to be regretted 
that his analysis of the Lapis lazuli, which so much conduced towards the manu- 
facture of artificial blue ultramarine, has not been repeated and followed up. 
The foundation which he laid in scientific experiment has b< < u built upon only 
in the way of the merr>t rmpirici.'^m ; and the sncee-s wliii h has thus, in a 
merelv monetary point of view, been obtained by the mauufacturr ?. has l(»d 
not a few of them to imagine — how vainly we need not say — that heucel'orth 
they are quite independent of science. Tht;^ loiget that practical men, how- 
ever ably they may profit by what science has taught them, do literally nothing 
toward.-? cl'iiing up wli.it ^cieiRf its( If has yet to learn. It was the scienoeof 
Gmcliu which alone laid the foundation for the manufacture of ultramarine as 
it at present exi.st.'' ; but who j=hall pretpnd to limit the irnprovemtnit?! that 
might be made in that id imit.i( tiir>' c(»uld anollu:r Gmcliu arise to discover 
the principle on which the coloring of the ultramjiriuc depends/ Attempts 
.have, indeed, often been made to lift the veil from this mystery, but hitherto 
they have been so made that it was impossible for them to succeed. Analysis 
had followed analy:*i.^, regardless of the fact that the ultramarine trade is 
not a proparation of detorminate composition from which uniform ro?»n!t? can 
be obtained. Uowever accurately the <jp< iiitor may have treated the clay 
with water and sulphur, does not the color imbibe some portion of silicioas 
matter? Nay, has not each specimen of day difierent elements and diflEereat 
proportions of elements in its own composition ? How are we to teU, em 
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from the most skilful and laborious analysis, whicli is the essential product 
and which the accidoiilal ? Which the portion whicli conduces to tin; pro- 
duction nf the color, and whicli tlie portion that, to n greater or les-^ <'Xlent, 
limit;i its (^uautity and dmimi&hei) its hniiiauey I The time epeut iu auuiytiea, 
thus Inevitably indecisive, mav be considered as completely thrown awav. In 
truth* those analyses have rather raised questions than setthd tin m. Iho in- 
fluence of iron, for instance, upon the production and the color, which Lm^ ago 
was considered a sottled fact, is now relegated into the realm of doubt. There 
seems good reason to believe that snlplnir has a chief, if not the isule, part in 
ctdoring tho green and bhic ultruiuurinui but how — through what combiualions } 
The material itself opposes difficulties to our clear view of the subject ; and the 
difficulties are increased by the coincidence of two chemical processes, and by 
the facile decomposition of the material the moment it is attacked by reag^ts* 
Finally, we are but too imperf(*ctly acquainted with the affinities of sulphur 
and the recently discovered sulphuric acids for the alkalies. Thi:^ power- 
Icssucss of analysis to pronounce deiiaitc judgmeiu has necessarily given 
rise to various opinions, founded not upon facts, but upon fancies, and^ as 
usual in such cases, the opinion founded upon fancy has been more per* 
emptorily asserted than the knowledge founded upon fact. Of tho green ultra- 
marine, we have seen it positively n?sertcd, though without even an attempt at 
proof, th.'it it is a simple curabinanou <>i' sulphur natrium, while another disputant 
is not less positive that it is a mixtuie of blue ultramoriuo with some yellow 
substance, the elimination of which turns tho green to blue. Others assert that 
the acid has transformed the sulphur natrium of the green ultramarine into a 
sulphuric metal, combined with other and unascertained matter; that oxydi- 
zation has taken place, and the sulphur lias unite d with the iiTidecomposed 
sulphuric natrium. According' to others the oxygtMi acts uj)oa the sulphur and 
forms a sub-sulphuric acid, or sume other of the recently discovered sulphuric 
acids. In short there has been much disputation, but no approach to a conclu- 
sion which can be relied upon. To arrive at such a conclusion we must, as 
our starting point, first study the affinities of aluminum and sul|dinnc natrinm. 

AH that we are thus far warranted in saying is simply this, that ultramarine 
contains silieious earth, potter's clay, natron, and .^ul])liur. But, what else? 
T/ial is the real question at issue, rhe siiicious earth is, if not supertluous, at 
least inoperative, as regards the production of the blue color; but, though not 
itself the cause of the blue color, it at least supplies the tire-proof quality. Too 
much of it, undoubtedly, is injurious to the color. If the siiicious nciil be not 
fixed by natron, the blue ( dor is either very much f idcd, or wholly destroyed, 
and th(; uUruiu ii ine is rendered unlit fur the purposes of the porcelain painter. 
The artificial ultrauiariue has still another great advantage over the natural. 
While the latter could only bo used for oil paintings, the former can be used in 
eveiy art in which the blue color is indispensable, and consequently it has, to 
a very considerable extent, supplanted cobalt, litmus, and Prussian blue. 
Even when the ultramarine commanded a far higher price than smalt, (the lat« 
ter selling, in France, at 47 to 50 cents j)er pound, while (heiVirmer could not 
be purchased for leis than from $1 G2 to li'J,) it wiia tound that uluamariuo 
was the cheaper article, for the simple reason that one pound of ultramarine 
would* do the work of ten pounds of cobalt blue. 

Ultramarine^ is a reliable color for oil painting or for painting on glass, for 
tapestry, and lor paper-hanirings in patterns, and for the colorin{];' of soaps, 
candlos, &e., Sec, and it is not easy to over-estiui itf its importance in printing 
on wool, cotlou, lineu, or silk. To the French mauui'aeturer, Blondin, belongs 
the credit of having been the first to use ultramarine in cotton printing. For 
six years he kept his application a secret ; but, in 1844, Dolfus, a cotton manu- 
fibcturcr from Alsace, visited the French exhibition and made himself master of 
the process. Since then, as is said in tho report of the French exhibition of 
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1849, "Guimet*8 method has travcllttl round thv world, fsnpplanting all tbc blue 
colors which had been previously employed by the cottou-priuter.'* It must 
be coofcMed, faoweveri uiat this statement is not qnite exact, for the manntse' 
tnreri)^ still experienced some difficulty in nsing nltramarine. At first th< color 
was, for the most part, not sufficiently fine, and couBequeutly it afTccLed both 
the fproadiii^- knife and tlic rollers. That difficulty wna ol»\ i;it< (l In the u^e 
of ulbumeu, (the whittfs of egg:?,) which thu8 lieeame a by no meauo uuimport- 
nut article of trade. It is used to condense, and to aid in spreading, the color, 
but requires some slight admixture of oil to prevent the decomposition which 
the albumen, pore and simple, was found to produce. 

Ultrumarine 13 n?ed not only to pidtluce a l)lue, but al^^o a white. Every 
housewife well kiiowg that blue of .^ome kind nin«t be used to couulei iK i that 
yellowish tinge wliich linen and cotton goods acquire when wa^hfd. Thib usa 
of the bine color is familiarly called unng the blue-hag^ but nsiug the whitening 
Lag would, in truth, be the more appropriate phrase. As a general thing the 
blue-bag is used far too fr<!ely. The effect should not be, as it generally is, 
to Jeave a blue tinge, but only to neutralize that yellow tinge with w hich we 
unavoidably associate the idea of imperfect cleansing. Ultramarine is also of 
important service in restoring linen and cotton yarns and fabrics to good color-* 
from two to three pounds of the color sufficing to restore fifty pieces of linen. 
From ten to fifteen ounces are sufficient for the ]>< iT( c i bleaching of twentjT 
poniulj^ of yarn, and so elFectivc is it in small quant ii it r^, and then fore so cheap, 
that even Avhitcwashers use it to give increased brightness and cleaimeM to 
their white. 

It was formerly considered, on toxicological gronnds, that the use of ultrir 
marine in whitening sugar was olijectionable. iVo ne^ here only so fiur ad- 
vert to the diseu^^.-idiiH of the public joui nala upon that point as to eay that 
two pounds and a half eif ultramarine fjuftice to bleach fifty tons of sugar, being 
just ^y- grain to the pound, a proportion in which even that deadly corrosive, 
arsenic, would be entirely iuuocuous. Whether the sulphuric-hydrogen gas, 
which is liberated by the contact of the nltramarine in the sngar with the acid 
in wine, be offensive, is a question which we leave to the olfactories of the 
chcmi.^t to decide. How far ultramnrino is, or m.iy be, adulteratt d, cliemi-ts. 
we belie\cs have nut, a* yot. dctei mined. Mainilactujers maintain that it is 
not merely right, box even net;t^s^ary, to mix potter's clay and gypsum with 
nltramarine, in order to get a lighter color; ana to us it seems that, on that 
point at least, the manuracturer is a better judge than the chemist. The pur- 
chaser well knows that such admixture is made, and for what purpose, so that, 
whether right or wrnnji:. there is. at .ill event?, no deception; but if he wishes 
no such admixture in the ultramarine which he purchases, a simple and facile test 
of the quality is at hand. Adulteration is present if the color be not entirely 
discharged by strong acids, or if it change color when boiled in a ley of potash. 
The adulteration in this latter case has been made by organic matters, for the 
purpose of prodneinpr the fiery brilliancy of the iiaMinal ultramarine. It. to be , 
thus tested, the ley ;i>-uuu; a greeni-h tin^'c. the ultramarine contains a super- 
iiuous amouul of sulphur natrium; uud a lite ulttamarinc adheres in hard clots 
or lumps the salts have not been sufficiently washed from it. When m^ ap- 

f)carancc is iUone relied on as a criterion, the judirnx nt, however practiced, IS 
iable to be mistaken, for there is no Other color which affords so much scope 
for visual deception. 

There are two qualitie,^ to be i-egarded in. the genuine ultramarine— the culor- 
ingand the covering quality — which maintain no direct ratio one to the other. 

xhe coloring quality may be tested by mixing one part of nltramarine with 
ten parts of any white color — white lead, for instance, or cla}-, or gypsum — ^and 
then closely obser^'in": the tone of the mixture. Thr<e tri.ds nliotdd iirver 
be omitted by purchasers, fur in two ultramarines, whicli to the sight appear ^ 

I 
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eiaetlj alUee* Ihere may be a dififorenee, in both brilliancy and durability, of 
from one to two hundred per ceut. Another important question U this : Hoff 
much mjrdant docrf tho particular ultramarine require ? Nor ia thi.s important 
only iu tho^e great factorifs wln re the monhmts arc u con^idemble item of ex- 
pcuac, for the artist also bUouM be aware that every iulJition of mordant di- 
minishes the clearncdd of the color. The Icsa mardaut the iiucr color, and vice 
versa. 

It admits of no donbt that from remote antiquity the art of coloring of the 
rainif nt with which man itivejited himself had at^quired a certain degree of 
proticirucy. Pliny, thougli h*^ n^ivprf no p irticaiars <»r flic ])roeosie3, yet af«3iire3 
as that the aucicnu wv.m well ucquaiuttil wiili the um- oK mordants, by which 
fixity ia given to colors which otherwise would gradually change by BucceBaive 
gradations, or disappear altogether from the dyed fabric. Of those mordants 
he mentions human urinOr ammonia, and certain Halts, including rock-salt and 
soda, serving to give at once brilliancy and rixity of color to spun and woven 
etufi's. And in another p;issage he iulimat»'s a nt:!! more advanced knowledge 
of the'art of dycln;^ as practiced by the auci»;uls. " In Egypt," he «ay8, 
•* cloths arc dyed in a quite peculiar manner. The cloth is first thuroughly 
eleansed and then sacce«sively dippcfd into one or more solutions, and finally 
into the fluid culor for which the previously usfid solution h:is so great an affin- 
ity that tlie cloth fs dyed as permanently lu instantaneously. What ia most 
remarkable about tin-* procf.-.H ih(? fact, that though the dye-vat contains dye 
of only one c*»lor, tiic web oi cloth is dyed of ont?, two, or several roli)r.-5, ac- 
cording to the kind of solutions u^ed for the preliminary washings or dippings. 
Aad further, not only is the cloth so jieiTuauently dyed that the color cannot 
he washed out, but the cloih itself is rendered stronger and more durable." 

This language of PJiny shows, that our knowledge of the uses and eflccts of 
vaiioiiT niordant:^ to lu iprhten and fix cnliir, and r afiu r to improve than to injure 
the t.iliiir ot the sliitl' to be dyid, iliou;^']! doiibu< ss much indebted to modern 
cheujiouy, is, bubstantially, as old us cliemistry itself, in the case of ancient 
Egypt, such a knowledge need scarcely excite our surprise, that antique and 
mysterious laud having been the source of the chemical science of at least 
all the people of antiquity. A.s imtiue herself suggested colored ornamenta- 
tion, and tfic fugitive qualities of the < nlier dye^tiiffs forced rlu mistry into 
the diacu\ cry of mordants, so the lack oi a culiivaled taste made the prlaring 
scarlet and tawdry yellow the tavorited of the earlier ages ; just as, in our day, 
the same lack or imperfection of taste is apt to recommend those vivid hues 
to the favor of the childish and the uniehned. Next to the Egyptians the 
people of ancient India evinced most skill in the art of coloring. Job speaks 
with great admiration of tlie brilliant colors of Indian cloths. There is at this 
day iu the mur-t nm of the ImiuHrml iSuctcit/ nt Paris a larp^e and valuable 
CoUection ot Indian colored stuffs, together with the utensils by, which they 
were prepared. These stuffs should be called painted rather than dyed ; the 
absorbent and mordant fluids were iivst applied with a brush, and the desired 
colors then laid on ; those portions which were to remain white were at tho 
outset cove^ed with wax, and the outline;^ of the pattern traced on the remainder. 
There is al-o at Paris a shawl, ten feet long and five feet wide, the hnndiwovk 
of Indian princesses, and so elaborately as well as beautifully executed ilmi il 
must have employed the skill and industry of more than one generation of the 
royal and dusky workwomen. But everything else in ancient dyeuig was sur- 
passed by the proverbially pre-eminent , 

TVRIAN FURPLB. 

Inventions have their place in Mythology, and not improperly ; for if chance 
plays no inconsiderable partin theinventiois and discovcrieB of the present days, 
io»«l0O»it didia thedaytiof old. All have heard, or read* the stoiy of the iwg 
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which occasioned the discovery of the beautiful Ty riaa narple. Aij Uercule* (so 
rans the fable) walked one day on the sea-sliore with the fair object of hie love* 

her pet dog, playing around them, seixedan open 6ea<>6nail, and dyed hi^ mouth 
of eo beautiful a color that the lady uttered a wish to have a dr^s of that self- 
Bam e htip. Ilf'rcules, of course, succeeded in granting her desire, it is as* 
sumcd that ihib discovery dates from the year 1500 P. 0. 

For nearly all that we know of purple dyeing we arc indebted to Aristotle, 
Pliny, and Vitrnvios. Pliny mentions two BheU-fish that yield the " purple,*' 
the **buccittam," so called, on account of its resemblance to a trumpet, and 
the *' purpura." The coloring substiince was said to be contained in a trans- 
parent and branching vein at the back "f the creature's neck, and while th*' 
auimal wad alive, the fluid had a iniu-iMis or creamy coni»i«tenro. If thr ijr-li 
were small, they were pounded; but it large, coutiiiuing t>o mueli aa au ouucc 
of the highly valued flnid, the vein was detached, its contents mixed with five 
or si x times its weight of water, and to the mixture thus formed soda was added* 
in the proportion of twenty ounces to every hundred pounds. The whole was 
then put into load or tin v(*««p1-; and kept in a moderately warm place for five 
or ^ix days, the scum btung from time to time carefully removed. At> boon as 
the fluid astiumed tlie precise toue of color that was desired, the wool was dyed- 
The process was very simple. The wool, being thorough ly cleansed from grease 
and all other impurities, was plunged into the dye for some five or six houn, 
or even longer if the object was to double dye the material, {dibciphen,) in which 
ease it was highly eftoemed and proportiotjabl y high in price. Wool thua dyed 
commanded in ihe reign of the Emperor An-jusin^ the euormous price of two 
hundred doll.ors per pound, nearly its wej^j-iii lu gold ! 

We learn from V itmvius that various countries had their peculiar shades of 
purple. At the north, the shade approached to violet, while at the south it 
became the vivid red whicli we now term a bright scarlet. Pliny also dis- 
tingui.^hes two difierent sliadr- of purplo — the tyrinm or purpura, a dark crim- 
Bou like that of coagulatt d lilood ; and the amctliy.-linum, the light violet bluo 
of the amethyst. Both auiliors iigree in stating that au excellent purple was 
obtained from some plants; our own madder* it would seem, being among them. 
Madder (Rubia tinctorum) wms undoubtedly known and cultivated in several 
ancient countries — Italy and Judea, for instance. Woad, too, (Isatis tinctosria,) 
was well known to the ancients, and served to give to the purple thai tine violet 
tint which was so niueli prized. 

The purple-yielding ^hell-fish were found on all the coastsof the Old World ; 
and in Greece, Italy, Dalmatia. Istria, and Egypt, there were large dyeing 
houses. Of course tli<>y n>«d up an immense number of these minute animals; 
but the supply was ec|uul to the demand. For instance. Mount Testaceo, near 
I'arentum. consisted almost i-ntirely of tli^' of tlio Mnrcx brandaris, which 

wc btrh^jve t»o be tlu hhellij tVom which the ivomau dvt i.-! extracted ihcir color- 
iiig matter. Accoruiug to Tacitus, the Germans had a purple dyo which was 
especially in request for linen. But above all the purpl* dyo of the ancients* 
that of Tyre aad Sidon was admired, and it was a very important item in the 
commerce of the mereli int princes of Tyre. No color has ever been so long 
valncil and .-o pi-ofu-' ly lamh-d as the {»urple. Tti the dnyn of Moses it was the 
di^tlllctive color ul the grctit and ilie wealtiiy; Homer ni.ik«'s /T\neas oiler n su- 
perb purple robe to Belleropheu; Dives, in the New Testament, is " clothed iu 
purple and fine linen ;" and it was in a robe of purple that the stern Roman 
Imperator triumplmntly returned to the seven-hilled city, after vanquishing and 
subjugating some far iMrbarian foe. Pliny speaks of «m1u* Tynan purple" as 
bein^ a color po representative of di^^nity and majesty that Roman lictors m ide 
way lor it n itli tlujir lui>cca and tin ir followers. Not only was it the distinctive 
mark tor both youn«? and old uf high rank or great wealth, but was still fur- 
ther honored by being the indispeiuable color of the fobes of duwc iriio xevt»- 
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rontlr sacrificed to the pxls, to obtain their favor or to avert their wrath. 
Vini) ia St) much in love wiih the purple that he deems it no mere idle vanity, 
but a laudable and Dfttual yearning ia men eagerly to desire it. 

To the great miijority of Romans purple tras foroidden for a long time by its 
enormous cost as compared with the moderate fortunes of moetof the plebeians ; 
but when wo.ilth-flowed into Rome and cornipfod the Romans, purple was fast 
becoming; tlic only wear, and tli*' Ofi"!*ar)», from .Julius downwardts, prohibited 
its use by p* iviitc citizens under p»iu ol' death. The Byzantine emperors made 
It penal oTen to write with purple ink» the nse of which they monopohzed for 
their own imperial signatures; and the very art of dyeing in purple was con* 
fined as a privilege and a monoply to favored individuals. a natural con* 
seqnenre, the art drcnyfd. and at lonf^th wn?» cntirrh' In t t iw;n(U the cud 
of tlie tweilih ccTitury, tiioii;:;ii so recently ar^ tin* [)rci'edin<x eeulury thcdreeks, 
Saracens, and Jew^, had beeu renowued ior their skill a» dyers. Duriug the 
twelfth century the purple was less Terious in its shades, and veiy much less 
in request. But though the iickh; tyrant Fttsliion, for a time, discarded purple 
in favor of scarlet, procured from the Thermes, the traditionary reverence for 
tho imp'rinl purple was not extinct, for even to this day, tliroughout the Old 
Worlfl, " purple" is synonymous with imperial power and place. * 

Strangely enough, while purple-dyeing was a diijuj^ed, if not a forgotten, art 
in many of the countries to whicn it bad once procured so much profit, it still con- 
tinued to be considerably practiced in Britain. With that island the ancient 
rhoBniciai)r< an- known to iiave had conBiderable commerce, the Britons, as we 
learn from il( rudoiu-j, supplyin*^ tlu^ PhopnicinT)"* with tin, and it is ]iroh:i}ile 
tli rt it was from tlio PlifFnicians that the Bntons learned the art of" puiple- 
uyt'ing. 'I'he prueiiee of the art existed in England till the close of the four- 
teenth century ; and so late even aa 1684 an Irishman is said to hare made a 
1 ge fortune oy ^e pecnliar skill with which he gave the purple dye to fine 
linen and other articles of feihale apparel. Ue> like the ancients, obtained his 
dve from a FlifH-fl.-h. 

1 ill' ("li.Mu -c arc^ .^aid to have liad a dye resemblinj? the |)ur[ile; and in tlie 
New World, according to Don Antonio d'Ulloe, the people of the provinces of 
Quaj aquil and Guatemala were, from the eailiest times, pessessed of a beautiftd 
rod color, which they obtained from certain sea-snails of a siz(; not greater than 
a hazehnit. These, on account of their pcarcity, were highly prized, and were 
used only for dyeing choice and eostly matters, sneh as beads, fringes', braidings, 
6cc. It was tli<> ])(ipular heiit f that both the weight of the aniouUaad the color 
of its juices varied with the liouri* of the day". 

The purple dye had at length become so entirely forgotten that what the 
ancient writers had naid of it was regarded as a fable, hlVented by the PhoBni* 
cians to conceal their knowledge of the cochineal insect. A shell-fish yielding 
such a fluid was no lon«j:er known. It was not until the seventeenth century 
that the first attempt wa.-< nia(h' to red server and to ultilize the long-forjjotten 
secret of antiquity. Then, indeed, men were enabled once more to view the 
prodigy with their own eyes, for in the West Indies, in Peru, on the coasts of 
Italy, France, and England* there wore found muscles whose vital juices, from 
being at first colorless, soon took, successively, the shades of yellow, green, blue, 
and finally a splendid jiitride. William Colo, of Bristol, in Kni^land, was 
the first who, in \ho. sevente^'nth ceutury, experimented for the revival of 
the lost art of dyeing in purple, and he used only the comuiou muscle which is 
BO abundant on the shores of Eng^ondt and after long trial at length discovered 
ihe long-sough t-for shell-fish in the Purpura Lapillus, "If, "says h , we 
carefully break the shell we find, near the head of this pliell-fish, a white vein 
lying m a fun-ow. 'ind within tint vein i;^ a white, creamy, and somewhat gluti- 
nou.s fluid, whitii i.i the nun li ili'sinvl dyestuffi" Uis description precisely 
. coiucides with that of ^Vristoiic iuiil ui i'liny. 

a 
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In 1709 .Tucpirri made ^iTfl'Lir researches on the French coast — rr^oarches 
which, inthcloilow ing year, were continued by Keaumur, whodelij^hted to make 
theory and epecolatimi the obedient handmafdene of every day utility. Some- 
what later the soft -shelled mollaecfl of the MediterruDcan shores were eareftiUy 
exnmiDcd by Italian natttmliBts, and so well has their paine-takhsg example 
luM'ii f'dlowrfl np flint wc are now Rc<|nriintr(l with n ^rondlv nnmbfr of mollu-cs 
tlirit yifld tli'- pii'{!l<' dy^^-'tnflT. For the nm.st part they belong to the frjmi!ip< 
of the Murtx and the Bmctnum, of Linua'iis; and it is thought that the j\Iu rex 
trunetUmty />f LmnsnB, (one of the most abounding of the Mediterrenean eea- 
snails,) and the Pvr/mra and Purpura putmla, of Lamarck, are identical with 
Plinj's Buccinum. The Purpura Lnpillu* is qnite common on the European 
shores, and i:^ believed h xw hpon the most importatit nmnnir fhf ['virjilr* pea- 
suails of antit|uity. I^»i^-on thinks that the Janthina J'ffr^iln irf \Sw ini<' biic- 
ciniUD of antiquity. It is a nuiivc of the Mediterranean. In stormy weather 
it is thrown npon the coast of the French department of Andc in such vast 
numbers as actually to cover the strand. Let»i*on attributes to Narbonne (the 
Karbo Martim of the ancients) great skill and celebritj^ in the art of juirple 
dvfinir the times of ancient Rome. Other writers sav thnt thoti^li the (.»ar- 
li.sh iturjdi- was vpry splendid, it yet was vory evane«cf»Mt. 'J'lic i nn- 

doubtediy afi'urde a bright and beaulitul purplr, and when taken out of the water 
yields the flmd to Ae average amount of about an ounce. But the fluid is fur- 
nished by a gland entirely different from that spoken of by the old writers, a 
&ct which it is* difficult to reconcile with tlie ancient statement. Moreover, the 
modem purple is very evanescent, while the ancient wns vnliir^d no lr«>^ for its 
durability than for its beauty. Tims, in Plutarch'^ J>it'i.' .d" Alexander the 
Great* wc read that the Greeks found in the treasury of Dariui* purple stuffs to 
the vidue of five thonsand talents, and that, though some of them were nearly two 
centuries old, the color had not at all faded. Lesson says that the coloring fluid 
yielded by the janthina passes through the sanic changes of light and t<hade 
as the vegetable colors do. With alk;dH'-<, it brcomos bhie: with nrid?, tp(\. 

Some writen* include Aphfsut dejjuhzns and Sculnna t-^dthnm jinieji-j^ the 
purple sea-euailj?, but thid if* doubtful. It is true that the .iplysia sometimes 
yoluntarily, always when alarmed, does emit a beantifhl purple fluid, and. in the 
latter case, in such quantities as to color the water for several yards around. 
Probably the purple fluid, in the case of the shell-fish, is analogous to the 
ink of the cuttlefish, the concealinpr and protecting provision nf the otherwise 
defenceless creature. The llnid is colored at the mom< nt ff it? ejf»ctinn. bat 
the tint is of slight duration. 'I'hc tiuid of the Scaluna dathruis is still more 
evanescent— time and exposure to light discharging it entirely. Of the P^bm- 
arhU cnmeu* Wallis savs : " If you put salt, ginger, or pepper into Its month 
it yields a pnrple fluid, but the color is so evanescent that we know of no 
mordant that can fix it." 

At present we arc acquainted with a ^reat number of pnrple-yiolding shell- 
fish, but wc cannot identify any ot them with the purple sea-snails of the an- 
cients, the descriptions left us by the old writers being too g^eral and vagnei 

In our own time Bancroft has industriously experiment* d with thedyemg 
fluid of purple sea-snails, and he as?=orts that they yield a fluid which sarpas!^ 
everythinp: els-o in animal nature, jilikr- for tlie brilliancy and tho pormfinency 
of itp pnrjJe. fiiui for th'^ facility and sinijjlicity of its ii-o. Within the f;^:h. or 
when separated from if, the tlu'd has a creamy appearance, or, as lUaumur 
phrases it, resembles a wen-dovclo]u>d pus. The textures to which it is ap- 
plied become first of a light, then of a darker green, next blue, and acqtnrs 
finally a rich deep pnrple tint, inclining to crimson. Accordingto Bancroft, the 
gradual ] ri-m itic changes of the colors are a.*» beautiful as they are remarkable. 
Even the Tne-t })o\v(rfnl chemical agr^neies, whethrr mineral aci<ls or the mo?t 
corrosive aikali, can only subject tliispuipio to one change— wxali tl^e lubnc m 
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stmnf^ poapgnds and the jtnrplf* bccomps a tnagnifiront and ponnancnt Qrirrfon 
Dyed with this singular fluid the fabric paa^ca thi;fugh all the prismatic clian"*e»5 
of color of which wc have spoken, in averyfbw minntes; and if exposed to hcut 
as well as light, the changes arc so rapidly offi ce d that the eye can scarce/y 

nppreciate th<; passing of one hue into anoflu r ; but if, on the contrary, Iig"ht 
be complf'tfly oxr!nd»"d, the fir«t pnio, yellowiHli <:rrr'on -vrill remain nrichanired 
for yeai^. iiancroft proved thia with some linen thua dyed, and kept for nine 
years in the dark. 

As to the causes of the changes of color they are not clearly understood. 

Berthollet thinks that tin; coloring matter absorbs oxygen. Bancroft attributes 

the effi ct {•> li^'-hf. TTc jn^tifto^* Iji:* opinion by referenee to tlio rulornii; of prints, 
flower**, <kc., which coloriiii; is known to t ike placo, not from wnniitli. hut from 
light. It ia by the mere excluaion of light that wc bleach, for iut«laiice, endive 
and celery. 

As far as wv are at present informed, the chemical nature of this coloring 

matter is as little known a? the mofJ?/^ operandi of it'? pncccssive changes afer 
being applied to a textile material, lli^ilily as ]}ancroftaud others h.'».vf» praised 
the purple, it has had its day of popular favor. For dyeing fine nm»liu8, and 
•a A marking fluid, purple is still occasionally used. Even as long ago as the 
thirteenth century, scarlet, from Eermes, instead of purple, was the adopted 
color of the Hungarian magnates. Our numerons dyestuffs, and our facile and 
economical dyeing proce^<ses, render us indepMulont ff the ancient ]inrp]o. 

Witli tho revival of science and art from the decadence into which they had 
sunk, during what are not unjustly called the dark ages, dyeing, like other arts. 
Started into new, vigorous life. Till the fifteenth centuiy, and still later, Italy 
bore away the palm iu the art of dyeing, for whieh Florence and Venice were 
OHpcciallv renowned. Tlin discovery of America g-ave a prroat impnl^e to the 
pame art, dycsliifl'H hoin:^' furiiislu'd whicli Avorr* rntiroly unknown to tho Flora 
and the Fauna of the Old World. Fix)ra the Italians the mastery in the art 
passed to the Flemings ; and when the religious persecutions by Spain drove . 
the Flemings into cxik\ these latter carried their art into France ana England. 
It was a native of the Netherlands, Cornelius Drcbbel, by whom, in 1G50, the 
discovery was made tlint cochineal was capable of yirldinp^ a dye far PTirpu-sing 
in beauty the purple of the ancienti*. Drebbel wai* at M ork in his laboratory, 
when an accident iiaving thrown some aqua rega over the tin fastenings of the 
window panes, and thence into a bottle rail of an aqueous inihsion of cochineal, 
the latter on the instant assumed that magnificent scariet tint which is now 
BO well known. Dn lihi l was fno acntr^ and too reflecting an observer to neglect 
such an indication, and from that time cochineal hits played an important part 
in the art of dyeing. 

Modem chemistry, however, has done more for this art in single years than 
bad previously been accomplished in centur.es. Pure and effective mordants 
and mineral colors have wonderfully c'h.inL''ed both the laborions and tlif eco- 
nomical processes of the art. Colon d jr unifnts were formerly the cxtcr nal 
of mnk or opulence. At the present day. thanks to the labors of men of c^cience, 
the man who wears the homeliest and uie^wt garb, as to quality of fabric may 
yet wear it of the most tasteful color. Chemistry, however, is still making and 
will long continue to make still further improvem' iits in this art, as in others. 
One of tlio latest acquisitions thn? m ido by the secluded men of the laboratory 
iA that of the much-viUued coloring material known as 

MCRBXINB, (MURBXIDROTH.) 

Thi^s color is extracted from the m-etric acid contained in urine. 
The ancient adepts, or alchemists, carefully analysed that fluid, in which in- 
deed they sought tneir arcanum, and in the course of their ezperimeutiog they 
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produced rolatile atkali, and pliosphoretie mniiioiiitt natron. The last 

salt was probably known to |he ancientflf and u»cd by them in soldering metalt. 

The uric acid wliich now i* bo importantly ntili'/cd in urino, or rather in nric 
calculi, waa found by J^choole, in tlu; year 1776, ^vliuh are, for tlio moft pari, 
composed of that acid, iiaeif a component part of the urine of ail camivoroua 
anuoale, and pcrh-ips of all animals having a renal secretion ; * bong in the ex« 
cremcnt of bird^, snakes, and even in that of caterpillars, snailB, &c. 

8cheele remarked, that a solution of uric acid in acid of saltpetre left, w hen 
evaporated, a red sodiment, and would stain the skin a fine red color. In 1818, 
Prout, by the action of ammonije on a solution of nrotric matter in acid of s.Ut- 
petre, discovered a maleriul which he called " purple acetic ammuuio^um," on 
account of its splendid color. He thns describes tlic process of producing it : 
Pure acetic acid and acid of saltpetre are mixed with an equal volume of water 
and frrntly warmrd till solution take? j)lace and Htronj:^ icrmcnt^ition is produced. 
The huperlluous acid of Baltpctre is then diluted wiili ammoniajum and the 
whole reduced by evaporation. During the operation the color gradually 
changes from purple to red, and through numerous shades of datk red. Green- 
ish granular crystals are precipitated, which cousidt of pnrpurie acid and am- 
monixum. This reaction is remarkable, and so positive that chemists have 
]an^ availed thonif^i K ♦\s of it to detect the presence of urctric acid in any organic 
substance, forth:& characteristic coloring only takes place in the way mentioned 
and where uretric acid is present. 

Liebigand WoeUer, in 1837, also produced this brilliant colored matter 
while experimenting on the changes of uretric acid under the influence of oxyd- 
atiug matt'T. Tt appran d in the form of small crystals, or phort four-sided 
prisms, wliicli when iu ltl njj to tiie sunlight appcir <if a rich parnct-red color, 
changing, under a reflected light, to agreenisli njetallic spl<;udornot unlike that 
of the wine of a rosc-chafier. Those chemists believing Piout to be mistaken 
as to the chemical composition of this beautiful coIokuI material gave it the 
name of "murexid," from murex, the purple snail. It is not formed directly 
from tho nn trip acid, which is fir.-t convrrf< (l info aloxan and alo.xantine by 
mcanri of ucelic saltpetre. Thcijc aie two coiurie.ss combinntions of little dura- 
bility, but, acted upon by ammouiaeum, they exhibit the purple-red coloring. 

Prout produced several compositions from purpuric acidand other bases, such 
as lime, quicksilver, and oxy(Tc of zinc, and all such compositions were remade* 
ably beaut ifnl in color. He also claimed that some of tnoHc composition? can 
bo ntilizod not only in painting;, bnt alno in the dyeing of wool and oilier tex- 
tiles, but his statement could not immediately be acted upon. In the first 
place, his description was so vague and general that experiments often fiuled 
when based upon it. Then the temperature, not less than the concentratkia 
of the fluid, is of great importance in producing the result, which often is very 
'different even when the accurate prescription of Liobiiwand Woehler is followed. 
Moreover, in Front's time the raw material was insutiicient for the production 
of a large and constant supply of this dycstuff. It is true that, as we have 
stated, the urctric acid is furnished by many species of animals, but it is fur- 
nished onl}' in very small quantities. I^Ian, for instance, secretes only about 
one-third nf a di aclmi of if in t wenty-four hours. The excrement of birds is dis- 
tingui.>*hed for its great proportion of uretric acid ; it is -^^ part of the weight of 
dried pigeon's dung. But that could not be produced in large (quantities any 
more than the iixcremcnt of snakcsy which conpiats chiefly of nretric^ficidical 
salts. 



* Millions of dollar.*) arc annually paid for guano by the farmers on bothsMes of the Atlantic, 
yet tboy, for the nuMt fmrt, stiffer tne nrlne of tbrir liv« stock to sink nudenly into the gmaiMi 
or to jHillitfe and entpoison flif uir. form'ttttifr, if tiny i - vr kiU'W, that puatio is oiilv more 
valuaulo than the roiuiuro of the lann*yard or the stable because binls have no urinary pis* 
sage, and therefore their fbcal excnunent coatdns aU tbs oretrio falU.— TVttuister. 
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If even tlie cbemiits wore Insofficiently supplied with the mw materui], still 
lees could it be procured for t\w purposes of industry. In Protit's timet tbe 

co^sl (if a pound of iirctric neid w.ia t'vom tliirty-two (Idllars to forty-two dollars 
and forty cent:* ; it can now bo houirliL fur from two dollars to two dollars and 
fourteen cents, though it is not in a chemically pure state, 'i hn great reduc- 
tion, which enables 3ie manofactorer and artisaa to bo plentifully supplied with 
morezidy is owing to the introduction of 

GUANO. 

Tlii^ substance is imported from Pern into Tarious parts of North America 

and Europe, at the rate of between one and two hundred thousand tons per 
annum. Guano is fonnd in vast qiiintitic^ in Peru and on many of the cliffs 
and i.-*land8 in that part of America between the 13th and 2lrtt degrees of south 
latitude. It is the excrement of sea-bLrd**. sind contains as much as four per cent, 
of urctric acid. In those regions the sandy soil could be but nnprofitably cul- 
tivated without tlu- aid of guano. It is known that as early as the twelfth 
century manuring with guano was practiced there. Under the Incas, guano 
was con^idored m valuable that killing the young birds on the gaono islands 
was puuirfhable by death. 

Each of those L*landd had its superintendent, and each island was ass^igncd 
to a particular province. From 6,000 to 7,000 tons were annually used in Pern 
alone; and when Alexander von Humboldt was exploring America, there were 
as many as fifty tumuli coasting vessels employed exclusively in the transport 
of guano. Humboldt took some samples to Kuropc, where they were analy zra by 
Klaprotb, Fourcray, and Vaunuoliu. The ct:lui)rated traveller and writer also 
published what he had leameu as to the importance of guano to agriculture, 
but for some time his words remained unheeded. In Gcnnany, Liebig's call 
upon the cultivators of the soil failed to stir them into activity, and it is even 
now insufficiently used, 'even by England, whose severely worked land more 
than almoAt any in Europe requires such a rctum o£ the elements of which 
years of grain-grow lug have deprived it. 

Licbig and Woehler were the first chemists to experiment on guano. In the 
course of their inquiries on the subject of urctric acid they had often been em* 
barrassed by want of material; they therefore requested William Kind, an 
apothecary of Bremen, to procure them porno, and in dno snason received a hun- 
dred pounds weight from Valparaiso. So much have agriculturists been f-n1i2:lit- 
ened since that time, that, in several European countries, guano is an article of 
considerable yearly importation, and the raw material of urctric acid is never 
wanting. And such is the potency of modem chemistry that guano, so highly 
offensive (o the nostrils in its raw state, is made to yield some of the most doll- 
catc of the perfumes which arc used by the fair and the fashionable. A greater 
contrn.-t than that presented in this case by the raw material aud the article it 
is compelled to yield can scarcely be imagined. 

The first attempts to render the murexid available for dyeing purposes were 
made by Saec, in .Alsace, that high school of the art of dyeing; and he sue* 
eeeded in giving to wool an amaranth color far more beautiful thou that obtained 
from cochineal. Thin indneed Selmuber^or fo try a new conr?o of exporiment?, 
in which, if he did not entirely succeed, he at least ascertained tli it -wliire tex- 
tures could be tlni.^ dyed both handsomely and durably. Sacc mahitained on 
this occasion that the coloring matter of the cochineal, the kcrmcs, 6cc., has 
some connexion with mnroxid. He claimed to have discovered that birds, and 
especially those of brilliant plumage, the parrots, for instance, while they ore 
moidting, pccrcte scarcely a di-tioguishablc trace of uretric acid, bnt ^^ecretf m eon- 
eiderable quantity a^^ Koon as they recover their full plunuige. What, llicn, 
becomes of the urctric acid when it no longer excreted ixom the body? 

' DigitizedJ^^pogle 



402 



PtJBPIiE DYEDiQ, ANCISHT AHD MODERN. 



May it not be metjimorphoscd into eomc otbersnlMtaifecewliidi, like the alloxan, 

b capable of dyeing the featli( rs ? These questions arc- only suggested, and 
we arc not as yot able to supply the answorn ; but this hypothesis, if adored 
with regard to birds, must also be extended to reptiles, insects, &c. 

The miirexid is now a faroritc dyeing material, strongly competing even with 
cocbtneaL Otermsmy, as nsua), was the last to adopt it. In a new and litlh 
known process Biistakes are quite natural. AVhcn mis new dycstoff first made 
it'* appearance as an article of trade, uiulcr the names of purple carmine, purple 
murexide, or paste murexidc, it \v;is in the iui mnf a dirty -brown jmlp. J h<>ugh 
it sold aa high as i>4 80 to the poiuid, il wa^ u very interior ij^uidityv 
and in many eases contained not more than from fonr to five per cent, of the 
inurexid. Of coarse, this inferiority arose from imperfect preparation. 

To extrnpt uretric acid fmm j^iano, the latter Tnn«t be moistened with diluted 
jiri'l ot' salt, aiul warmed. Tln' cMl; :ir( oii.< s.ilfs and evcrytliing ^^ohible in water 
or acids is removed, while the uretric acid, with a not inconsiderable quantity of 
sand and other adnltcrations, remains. The well'-washed residne is then put* 
in small quantities, hito acid of saltpetre of 1.45 specific gravity, and the veBsel 
must be kept cold. Only when the fermentation subsides should more lu-etric 
acid be added, hy this procedure alloxan and alloxautinc are obtained. But it 
must not be forgotten, that, as it is impossible to hit upon the exactly correct 
quantity of the acid of saltpetre, we .sliould always have a surplus of the acid 
at hand. It most bo remembered, too, that very noxions fiimes escape diirtii| 
the eraporation of the solution. The above-mentioned chemical products oi 
uric acid suffer a further decomposition, and form combination? destitute of 
murexid. To avfiid thi.^, it h necessary that to the solution of uric acid and 
acid of saltpetre there should, during the evaporation, be an addition of ammo- 
noom. Murexid may bo formed without tliat addition, but always at the ex- 
pense of the alloxan and alloxantinc ; for if the ammonceum be absent during the 
evaporation, the alloxan and alloxantinc are required To supply its place in the 
cheiiiic d procluction of murexid dinin<j the evaporation ; and, moreover, the 
dccouij^)osition just spoicen of continues, and we run the risk of having the 
morexid destroyed as fast as formed. 

The murexid must not be suficrcd to crystallize ; the solution is to be evapo- 
rated only to the consistency of a i)ulp. In the whole process there should be 
the utmost can? observed that only the purept and best murexid be produced. 
The high price of the pure article would be moie than compensated by ita 
greater efficacy in dyeing. All textile fabrics, silk, wool, cotton, and flax, 
may be dyed with murexid, which is also used in cotton printing. Truly splen- 
did color- 'ir nitt.iinc d by using the oxmuriatc of mercury as the adhesiTe 
medium. We are <djli^ed, however, to confe.'^.s with reprret that the mnrexiil nd 
camiot compare with tlie ancient purple as to durability. Samples on a\ hicli v\e 
experimented with the uj<ual re-ageuts lost their colors, however beautiful. We 
do not sp( ak of such re-agents as the corroding alkalies and potent mineral addi 
which would affect, and in our experiments did .'HTect, black no less than murexid 
red. But this latter faded under the application of even weak vegetable acids, 
such as vinot^r, lemon-juice, &c., and even perspiration left visible traces upon 
the delicate tincture. Here, no doubt, arc considerable defects; but il is to be 
remembered tliat the whole art of dyeing with murexid is as yet*in its in&ncj. 
Even the ancient purple was not indestructible, and in the present day ths 
public demand is not for indestructibility, but for cheapness. If the c( 1< ^r please 
the eye and the price per yard be; low, little is thought about the durability of 
the article. Time anrf the progiesM of chomical science will don]itI<'.-p n medy 
the defects spoken of, since there can be no question but that ibis color is sus- 
ceptible of great improvement. If the mnrcxid be precipitated from its solu- 
tions by metallic salts, as, for instance, oxymuriate of mercury, or salts of lead 
or sine, very beantiM lac colon are ebtained» which can be used for the pain^ 
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ing or printing of paper-hangings ; and ^uite a new field is opened to the djrer 
«iid printer of textile fabrics hj the affinity of tbia coloring material for various 
metallic Baits. Not only several bcantifnl sbades of red can be produced with 

it- hut iiho yellow, blue and violet. 

And thus it is that our sober and ntilitarian day f^toals ono by one its glories 
from hoar antiquity. What the mightiest and haughtiest magnates of the olden 
day claimed as their exclusive privilege has now become common property to 
the humblest as well as to the highest. A striking proof* this conmion pro- 
per^ in beautiful colors, of the superiority of the present age in its utilitarian 
t^nocncics to that antiquity which we so hiplil v, nnd, in a purely astlictic point 
of view, so jiiftly, f^lorify. The animals whicli Hiij)plird the ancients witli their 
costly purple are perfectJy known to us and eaiiily obtainable, but we cast them 
aside, heeaose we can more readily obtain onr objects by other means. Whether 
the murexid bo the very " purple" of the ancients is a qui ti mi f iirly open to 
di?cus?ion ; hut that it i.'^ so i.s by no nmnana improbable. Wo know tliat nric 
acid is a constituent of the common snail, and, it i.s not unreaponable to suppose, 
of tho purple snail also, though ihe fact be not experimentally proved. Putre- 
fied urine, added to the fluid of snails, furnishes ammonia ; so that the ingre- 
dients for the formation of murexid are certainly present. 

Should the murexid red be still supposed inferior to that resplendent purple 
which the old n riters po eloquently extol, let it not be forgotten that the skill 
of the dyer was of old limited almost to that one really splendid color, and # 
that our modem wealth of gorgeous colors and delicate tints was then not 
dreamed of. Oonld we place onr murexid, however, side by side with the tme 
Roman purple, the former probably would not lose by the comparison. The 
glories of antiquity, like the prestige of onr modem great racn, might losC DOt 
a little of their illoaion were we placed in closer contact with them. 
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The difficulties in the preservation of zotilonfical collcctioofl geueralij' ariM 
from two caudCSt namel}", moiature aud destructive iusect^^. 

To guard against the effects of moisture requires so little ingeniiitj' that I 
shall merely alhido incidentally to the necessity of diymg tlie specimens wdl 
at first, and then keeping them in dry places. 

The c^rfatrft of all difficulties to guard against, particular! v in thi? country, 
lA the voracity oi' the destruct've insects bclunf;in;; to tlie eiuomolDt^ical families 
of Denmstid(t and Tineida. These are the worst enemies of the zoological 
corator, as well as the far-trader and carefal hoosewife. 

Tinea tapetgdio, the clothes moth, which tronhles the houseirife and the 
clothier, doo» not disturb tlu> ontoinolo;^^ist; consequently the whole of this 
family may here i)c pa;?8ed by in silence. 
• Dermcate4 lurtkinas (the bacon beetle) and Anthrcnu4 mustmruin (museum 

beetle) aud their congeners are the great depredators. lu the time of the 
Fliaraohs of Egyin they destroyed the mummies which went intended to kst 
through all time, and now in our day they destroy the specimens with which 
we hope to enlighten posterity. As they have been known for centuries, nu- 
merous poisons and varioiw devices have bf»en resorted to in order to' destroy 
them, but they remain as numerous as ever, being naturalized and abundantly 
propagated wherever man baa made his resting-place on the earth. 

In early, life I was a devoted student of nature, an iudustrions collector of 
specimens, and a somewhat expert tazidermist. It is, however, needless to 
record the fact that I lost ray specimens, like others, almost as fast as they 
>vrr*- collected, and, a last re.^onrcf, 1 wa?« compelled to undertake a careful 
Bituiy of the habits of the enemies with which 1 had to contend, in order to learn 
tlie means of subduing them. I early found that substances containing albu- 
men or gelatine stand hut little chance of escaping the ravages of ^e Dermet^ 
tida, and must bo destroyed, sooner or later, by tneir attadu, whether moist or 
dry, unless chemic illy changed in chnrncter, or kept by some mechanical ar- 
rangement beyond the reach of tlie insect. 1 say chemically altered. becan«e, 
as in the case of gelatine soaked in corrosive sublimate, the coagulation of 
the material, which is a chemical change, so alters the matter as to render 
It no longer a proper food for the insect. Tbe means of protc cting. tUereforeb 
must be adapted to the kind of specimens to be preserved. Our present object 
is principally to dejjcribe a j'nccff'^fnl experiment in preserving Xi^pu^t^pferat and 
to this Fulyect wr shall clii<'liy conliiie our remarks. 

The vapor of camphor, and tbe essential oils generally, are sickening or fatal 
to the perfect insects of the family DermcHida, but have little or no efi'ect upon 
their eggs or larvss ; consequently, although theso perftunos in dose cases are 
useful to keep out the parent insect.^, they will not destroy the progeny after a 
lodgement has once been att lined. Tiio several species of this fiimily, unlike 
most other insects, have no lixed period or season for depo^itinp;- their eggs, and 
consequently require to be vigilantly guarded against at all times. They are 
about one year in attaining theirfull growth, in which time they cast their skius 
four or five times. Their feet, though armed with daws, are unfit to dimb on 
a bard smooth auhstance like that of clean polished glass. The y .^^pin no silk, 
•ad therefore c«naot> like many caterpillai8> construct a fibrous Udder to climb 
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up the same surface. Upon these aimple t'actrf I based pluiirf lor the preserva- 
tion of Lepidoplera as loog ago as 1838, and since then uu dpecimeu which I 
fasve wished to preswve lias been touched by DermeUei, 

For collecting insects I have generally fouad the case de^^cl Hx'd by LeVal- 
liant, during his travels in South Afi ica, the most convenient. Tliis principally 
consist.-* of a box filled with pcrpoudicular slides covered with cork, to which 
the specimens are pinned, aud a liorizontal drawer at the bottom to receive any 
specimens which may be disengagcid from the slides during transportation, and 
tons preventbg it from damaging those which remain on the slide. The spaces 
between the ."lides being all optm below, a single bi^ of camphor placed in the 
drawer will diffuse its vapor through all the compartments, and thus prevent the 
attiick of ants, roaches, and other large insects which prey, especially in tropical 
countries, on the fresh specimens. By placing the specimens on the perpen- 
dicular slides, tile-fashion, I have found that double the number could be ac- 
commodated* while additional security was gwned by this arrangement from 
the dangor of the loosening of the pins by the jolting of the box. 

In the preparation for the cabinet 1 bi';jin !>y pinning the specimens to be 
preserved ia the order in which they are liually to be preserved on the bottom 
of a ^shallow box, lined with a thin layer of cork, or, better, of balsa- wood, wliich 
is easier penetrated by the point of the pin. This box must be of precisely the 
same length and breadth as those which are to form the permanent cases of the 
cabinet. When the specimens have been ar- 
ranged in the order to suit the taste, and so that 
one may not overlap tiie other, the i)nx, with its 
contents, is transferred to an oven, which I also 
invented in 18S8 for thb special object, but 
which has since been used, generally by chem- 
ists and others, for a variety of purposes. It is 
surrounded and heated by boiling water, the 
temperature of which is sufficient to kill the 
eggs aud the larvae of the JJennestes, but is not 
sufficient to mjiuro the specimens of bntterflies, 
moths, &c. The specimens are kept in this oven 
several hours, or dnring the night (See Fig. 1.) 

After the fpeciraena have been sufficiently 
baked I lay a clean pane of phite gliu-<s imme- 
diiKely over the specimens, which, resting on 
the perpendicular sides of the box, does not touch them. On the upper side 
of this glass plate, face down, and directly over the pin securing each specimen, 
I attach, with fish-glue, (isinglass,) a circular pi< ce of pap( r, about a quarter 
of an inch in diameter, containing a printed number. Tlie size of the glass 
plates which I use, and find most convenient, is eijjht and a half by ten and a 
half inches. It is commonly imported, aud used for cheap mirrors. It must 
be cleaned with dilnto nitric acid, or the surfiuse will be liable to become foggy 
in damp changes of weather. 

Next small cylinde rs of cork of the same diameter as the papers contain- 
ing the numbers, and just large enough to support the specimens, are cemented 
to the ghiss plate directly on tlie top of eacli of tlie j»aper numbei*s. The cement 
used for this purpose is composed of about o^uai parts of resin, beeswax, and 
chrome green, melted, for convenience, over a nursery lamp placed on the table 
beside me. The pieces of cork are dipped into the eompositiont and while the 
portion of the latter which adheres is stul liquid, they are attached to the glass 
in their proper positions. 

The next operation is to attach the plate glass to a wooden frame, thus form- 
ing a shallow box, of which the gloss plate will be the bottom, having the 
numbers and cork supports on the inner side. This fimme is made of strips of 
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i1 



Fig. 2. 




Fig. 3, 



white pine, ready planed by the carpenter, to the dimensions of one inch and 
an eighth in width, and three sixteenths of an inch in thickness. 
These slips m cat to the proper length, and fiMtemed in the fonn 
of a rectangle by common pins at the corners, as shown in Fig^, 2. 
PreviouHi, however, to forming the slip^ <>f wood into frame?, they 
arc coated on all eides with tinfoil, which id attached by means of 
the cement above described, omitting the coloring matter. I tiud 
it convenient to keep on hand while preparing these cases a supply 
of tinfoil, coated on one side readj, when reqnued, to be cnt into 
slips of the proper size. The coatuig of oement is pat on by means of a bniali 
dipped into the melted material. 

Another plan, and 1 believe the best one, is to have the cement enclosed in a mus- 
lin bag, which may be tied to the eudof a short tjtick ; the tinfoil id to be spread out 

on a hot iron plate, say the top of a stove, when the 
bag containing the cement is rubbed over its sni&ee, and 
the heat bong sufficient to melt the wax and resin, the 
foil may be evenly coated, and on removal from the hot 
metal plate, as it cools quickly, may then be rolled up 
and kept in readiness to be cut in suitable pieces tor use. 

Fig. 3 exhibits a box thus formed, of which a, h, c, 
d are the wooden sides covered with tinfbil, and e the 
glass plate, on the inside of which are plaeed the paper 
numbers covered by the cork pupportf. The next step 
in the process is to transfer the butieiilies in the pre- 
liminary box to their several supports on the glass plate, and to securely pin 
them to the cork so as not to ftU off in the ordinary handlmg of the cabmet. 
After this the box is to be permanently dosed with a glass cover of the same 
dimensions as the one whicli forms the bottom, and the whole &stened air-tight 
by means of the tinfoil. By this arrangement the specimens are hermetically 
sealed Ix-lwren two parallel panes of plate glass, which allow the under as 
well as the upper surfaces of the iusect to be seen, while the whole is preserved 
from atmospheric changes and the ravages of insects. 

The cases containing the specimens are now famtslied« so far as the means of 
preservmg the contents are concerned, bat this case itself requires to be guarded 

from injury and kept free of dust. For 
this purpose it is placed in an outer c;ise, 
which 1 prefer to make in the form of a 
book with covers, which, on opeuiug, ex- 
hibit the glass plates and the contents of 
the case. On the inner sur&ces of these 
covers T' write, or print, the names of the 
specimens therein contained. 

All the cases which form the whole 
, cabinet are arranged in an ordinary book- 
case with glass doors, and when properly 
ornamented on the back resemble a series 
of large octavo volumes. The cases 
should always be kept like books in a case, 
in an upright position, and never allowed 
to lie on fheir sides, except when in use. The reason for this will be obvious: 
the perfect Dertnettes might find a small hole in the tinfoil wherein to enter, or, 
deposit its-^gs; but should the glass be npright, neither the old nor the yoang 
depredators would he able to climb up to the spedmens, which they pos8fl>ly 

might reach if the case should lie on its side. 

Thirty-five years' experience with cases made as above described has proved 
the CfNrrectness of the theoiy of their construction. 
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AN ACCOUNT 

OF 

A REMARKABLE ACCUMULATION OF BATS. 



Bt M, PlOANtBfttlB ft VORAO, MLMSTER PLENirOTENTlART FROM PORTUOAL TO TB£ 

UN1T£D 8TAT£S. 



In the winter of 1859, liaving piuciiaijcJ the property known as Seneca Pointy 
in tHe marglQ of the Northeast river, near Charleatoti* in Cecil couutj* Mary- 
landr we took possGBsion of it in May of the next year. The dwelling is a brick 
Btnictiire> covered with slatf, in t!ic form of an X> ^^'^'^ storied* with garret, cel- 
lars, and a stone laundry and luilk-lmuge attached. Il.ivin*^ been uninhabited 
for several years, if exliiliited the mtpearance, with tlie exception of one or two 
roomSf of deeolutiou nud ne.:;lecU with damp, bhiek Wiills, all ^uite unexpected, 
Rfl it had been but very .<'li<;htiy examined, and was represented in good habitable 
condition, merely requiring some few repairs and a little painting. 

The boxes, bundles, and other packages of furniture which had preceded us, 
laid pcnttcnd arotind and witliin the dwelling; tho^o, with the excption of ?nmo 
niaffresHew and hedilin;:; for immediate use, were hatjlily arraii^ed for unpacking 
and placing in order at leisure. The weather, which was beautiful, balmy and 
warm, invited us towards evening to oat-door enjoyment and rest, after a fatigu- 
ing day of travel and active labor; but chairs, settees, and benches were scarcely 
occupied by us on the piazza and lawn, when, to our amazement and the horror 
of the female portion of our party, small black ba?« made their appearance in 
immense number?, flickering around the j)reniisoH, ru.-^hing in and ont of doors and 
. through opened windows, almost obscuring the early twilight, and cauBing a 
geneml stampede of the ladies, who fled, covering their heads with their hands, 
fearing that Uie dreaded little vampires might make alodgement in their hair. 

This remarkable exhibition much increased our disappointment in regard to 
the habitable condition of our acquisition, and was entirely unexpected, inas- 
much as ihc unweleomc^ neighbors were in their dormant state and ensconced 
out of bight when the property was examined previouo to ])urchasc. With 
their appearance, and in snch immense numbexB, the prospect of immediate in- 
door arrangement and comfort vanished ; the paiamount the urgent necessity 
was to get rid of such a nuisance as quickly as possible, and the question was 
by what means could this be accomplished. Our scientific friend.^ and acquaint- 
ances both in New York and Philadelphia were consuhed. various volumes of 
natural history were examined, ia order to ascertain the peculiar iiabits of the 
vermin, but we derived no efiectual consolation from these sources. One of 
ear friends, indeed, sent us from New York an infallible exterminator in the 
form of a recipe obtained at no inconsiderable cost : strips of fat pork saturated 
with a Hubtle poison were to be liun^;^ up in plaei"* where the annoying '* crea- 
tures did most conj^^i-egate" — of this tiiey would surely eat and thus "shuffle 
off their mortal coil." How many revolving bat seasons it might have required 
^this process to kill off the multitude, the urgency of the case would not al- 
, fow ua to calculate, and the experiment was therefore abandoned. 

Evening after evening did we patiently though not complacently watch this 
peiiodical exodus of dusky wings into light from their lurking-places ono after 
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aDOther* and in aome inataneea in eonples and even trebles, aoeordin^ as die aite 
of the holes or apertniea from which they emerged in tbo slate roofing would 
permit. Their excur.^ion?' invariably commoiicfrl witli the cry of the "whip- 
poorwill " both at coming cvciiin;:^ and at < iriy dawn, and it w u^ ol)?5prved that 
they always first directed their llight towards the river, uudoubtediy to damp 
their moose-like anonts, but not their apirits* for it was likewise obwnred that 
they returned to play bide-and<Beek and indulge in all other imaginable gam* 
bol^ ; when, after gratifying their love of import and satisfying their voracious ap- 
potito? (ri>' tbo absenct; of mo«f{nifop^^ mid g^iiats tr;;tifi<'d) they would re-fntcr 
their habitaii')u, again to cuirrtrc at the tirst t«ignal of their leathered trnmjx'ter. 
I thus ascertained ouc very important fact, uamely, that the bat, or tlie species 
which annoyed as, ate and drank twice in twenty^four honra. Such appeared 
then* habit — s'uch, therefore, was their indispensable need. Upon ascertaining 
this fact, after having tried suffocation by the fames of brim^jtone with only 
partial sticcf?««, I concluded to adopt a more efficient plan of uai lare, and for this 
purpo:*c cuumienccd by can«iu;r all the holes, fissures in the wocjd-work, and aper- 
tures in the slatiug to Ix' htnuetically sealed with cement. This put a stop to 
their egress, bntto avoidj[hcir dying by starvation and deprivation of water, which 
would much increase the annoyance oy aibljn^ tl^yr d^ad to their living stench, 
jp-e idcvcd apertures of about two feet s|}uanMto^ opeued in the lathed and plas- 
tered partition on each side of tljc ^a»elS\ indows and ahn in ibe ceilinjir of 
Av*7-r y •^^ih.^(i£^ ; lastly, when the bat't* reveille was Hounded iiv llie bugle 
of the whippoorwill, all the luiuds of our establishment, men and l»oys, each 
armed with a wooden implement, (rbnnnd liliii ii iiii knthnt.) marched, to the 
* ' \ ifLAu^ fi iir " on murderous deeds with thougbts intent;" a lighted lantern was 
placed in the middle of ouc of the rooms, divested of all furniture, to allure the 
hidden foe from tlieir strongholds. After cloi^injj the window to prevent all 
esciipe into ihu open air, the assailants distributed ihem-elv« rs at rt-^'ular dis- 
tances to avoid clubbing each other, awaited the* appearance of the baiij, enticed 
into the room by the artificial light and impelled by their own natural craving. 
The slaughter commenced and progressed with sanguinary vigor for several 
hours, or untU brought to a close by the weariness of dealing the blows that 
macb; tlie enemy bite tlje dust, and overpowered by the heat and elo-ene^js of 
the apartment. Tiii^ ]dan succeeded perfectly. After a few evenings uf simi- 
lar exercise, in which the baiteurs became quite expert in the use of their weapon 
every wielding of the wooden bat bringing down an expiring namesake, the 
war terminated by the extermination of every individual of the enemy#^n the 
main building. However, there stiU was the cock-loft of the laundry, which 
gave evidence' of a larjre population. In this case I had recourse tn a plan 
which had been recomnirnded, but was not carried out in regard to the dwi lliii^'^- 
house. 1 employed a slater to remove a portion of the slatiug which required 
repairing. This process discovered some fifteen hnndied or two thousand bats, 
^ of wh ich the larger number were killed, and the surviving sought the bam, trees, 
and other places of concealment in the neighborhood. 

In ibe main buildins: nine thousand six Innidred and fortv ImIs, from actual 
counting, were destroyed. This wa? ascertained in the following manner: after 
the battling of each evening the dead were swept into one corner of the room, 
and in the morning, before removing them to the manure heap, they were care- 
folly counted and recorded; many had been killed before and some few after 
the reckoning was made, and were not included in it, nor were those kilb «! under 
the adjoining laundry roof. The raa<»-'aere cnirmienct d liv killinir f» wer tlj< iirst 
evenings, the number incre isiuL' and tle n diuiiiii.-^iiinii- tow ards th<- cu'l. I>ui it 
generally from liity gi a iiundred, up to six hundred and lilty, the highl'''^ 
mortality of on^ evening's work, dwindling down to eight, five, three, and two. 

This species of bat is generally small, black, and very lively; some smaller 
than the ordinary size were founds probably young ones, and one or two larger* 
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sappoBcd to be giandfatlieie, of a reddish hue, whieh was thougbt to be from 
age. These Termin are geoerally more or U^m co\ (k 1 with a small-sizod bug 

not very (lis?'imil;ir to the cnmmoii chiucli, but of a dirtcrciit Hpeeies. As pre- 
viously stated, tho bat has a very diMgrecabie odor, which oido pertaios to its 
ejection. 

The mannre as well as the bodies of tho slain was used to fertilixe the flower* 
iog and vegetable garden, and thas, in some degree, they served to compensate 

us for the annoyance to which we bad been .subjecied. The manure, however, 
required to lie wiili cnution, .^iiiee, if used in too large a quantity, itap- 

peared to buru the. ori,Muisra of the pluntrf. 

To remove the very disagreeable odor which remained in the upper part of 
the house, varioas kinds of disinfectants were employed with some advantage ; 
but the most effectual method resorted to was that of opening holes of about 
four inches square, two at each gable end, to permit a current of nir to pass 
through. These lude?! worn covrrt d witli iron piuze to prevent \h<- rf-cntrnnee. 
of any of the remainder of the army of the enemy which miirbt ln'\ ' r aiouud 
the premise.^. At the end of five yearn the odor haa now nearly diwappeiired, 
being barely piaceptiblc during a continuance of very damp weather. 

(Tho fact mentioned above of the uuraeroua parasites infe-niiug bats is perhaps 
the most revolting feature in these creatures. Tho enormous population of 
Arari found upon their bodies is due to the great generation of animal heat in 
their clo.-c li,innt~, a rondition conducive to a rapid increa.so of all kinds of ver- 
min. In iliir* country the common bed-bug {Chnr.r Irrfnhrls) is freqnently 
found upon their fur. The entrance of a bat, with precious burden, into the 
open window of a farm-house is the solution of that frequently propounded 
question of the despairing housewife, '* Where can the bugs come firomi"] 
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ENGLISH WEIGHTS AKD MEASUBES 

ATOIBDUPOIS. 





Grains. 


Dracliius. 


Ounces. 


Lba. 


Qrs. 


Cwt. 


Tons. 




1. 
S7.34 

437.5 
7UUU. 
196000. 

lOtiouuuu, 
















1. 

16. 

25G. 
7168. 

28672. 
573440. 














i. 

16. 
44-<. 
17W. 
35*40. 












1. 
S8. 

112. 
2240. 










] 

4 

BO 






Cwt 


1 

20 




Ton 


1 





TROV WeiQUT. 





Gndns. 


Dwta. 


OimoM. 


Lh. 


• 


1 

24 

A^O 
570u 










1 

20 
240 






Oiinft» __ _ 


1 


...... 







1 cubic iuch of diBtilletl water, iu air, at 62*^ F —2o2Ai*6 gr. 

1 cubic i&ch of distilled water* in vaeuo, at 62^ F =252.732 gr. 

Cubic iuciie». 

1 gallou =277.276. 

Ipint = 34.659. 

1 tioid oimce = 1.7329. 

1 litre = 01.024. 

1 cubic centimetre = 0.061024. 

1 cubic inch = 10.357 cubic centimetre*. 

1.00000 parts of ^aa at 32 F., 29 922 bar., (also at 32S) become, at 60" i\ 
bar. 30 iaicbes, (also at 60^) =^1.06720 parts. 

FIUNCB. 

« 

METRICAI. 8TSTBM NOW IN USB. 
LEXOTH. 

Enjjlish valno. 

MUlimctre, (l.OOOth of n metre) 0.03<);j7 incln s. 

Centimetre, (lOOtJi oi a metre) 0.39371 inches. 

Bedmctre, (lOtb of a metre) 3.93708 inehee. 

Metie,* (mut of length) 39.3708 inches* or 3J2809 feet 

Dccamotic, (10 metres) 32.809 feet, or 10.9.%3 yards. 

Hectometre, (100 metres) 328.09 feet, or 109.3633 yards. 

Kilomf'tre, (1.000 inclrt^) 1093.G3 yard;*, or 0.r»21:i8 railed. 

Myriametrc, (10,000 mclrct) 10930.33 yards, or 0.21352 miles. 



•The metro ifl a Icn-cailljonth part of the qurnlniiil t>f ilir nioii!',i;i (tf ilic eaitli, Offin 
words* tlu) tea.iminonUi part uf tbe duitaace ixom tlw equator to tiie pole 
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English Talue. 

Centiare, (100th of au arc, or a square 

metre) 1.1960 Bc^uare yards. 

Are, (square decametre and anit of but- 

fieice) ^ 119.6033 equare yds^ or 0.0247 acres. 

Decare, (10 axav) 1196.033 equare ydt^., or 0.2474 acres. 

Hectare, (lOUaros) 11960.33 square yds, or 2.4736 acres. 

CAPAcrnr* 

MilHlitre, (1,000th of a litre, or cubic cea- 

tlmetro) • 0.06103 euMo inches. 

Centilitre, (100th of a line) 0.61027 cubie inches. 

Decilitre, (10th of w litre) 6.10270 cubic inches. 

litre, (cubic decimetre and unit of ca- 
pacity) G10.2705 cubic inches, or 2.2010 galls. 

Decalitre, (10 litres) 61.02705 cubic inches, or 1.7608 pts. 

Hectolitre, ( 100 litres) 3.53166 cubic fbet. or 22.0097 galls. 

Kilolitre, (1,000 litres, or cubic metre.). 3.j.:]in,jScubicfeet,or220.0nG7-HlU, 

Mjrialitre, (10,000 litres ) 363.1658 cubicfeet, or 2200.9667 galls. 

SOLID. 

Decistere, (10th <»f a stere) 3.5317 enbtc feet 

Stere, (cubic metre) 35.3166 cubic feet. 

X)ecastere, (10 steres) 353.1658 cubic feet. 

WEIGHT. 

Milli}^ramme, (1,000th of a gramme) — 0.0154 grains. 
Centigramme, ( 1 00th of a gramme) .... 0.1 544 grains. 

D6cigrammc, (10th of a gramme) IfrWO <^raias 

Gramme, (unit of weight) 15.44 grains. 

Decagramme, (10 grammes) 15 1.1 p iiiis. 

Hectogramme, (100 grammes) 1544 griliu^^, 3.2167 oz. troy, or 3.5291 

OS. avoirdupois. 

Kilogramme, (1 ,000 grammes) 32^ oz. troy, or 2.2057 lbs. avoirdupois. 

Myriagramme, (10,000 grammes) 321foa. troy, or 22.057 lbs. avoirdupois. 

Value of milliimtrt* in English inchet. 



Millimetres. English inches. MilliuK'trcs, I English int-be.i. i Millimctros. , English inches. 



1 

3 
4 

6 
7 
8 

9 
lU 
15 

20 
'£> 
30 
35 
40 



0.03937079 
0.07874158 

0.11811-237 
0. 1574^316 
0. iyCt<i3<K> 
0. 2:«3-.'2474 
0. •.J7559553 
0. 314LK>«:W 
0.X>1 {3711 
0, 39370790 
0. :.o»»G 
0. 7874 

0. m\i 

1. 1811 
1. :J770 
1.5748 



45 


].7710 , 


125 


60 


1.968 


130 


55 


2. IG5 


135 


60 


2. 36i 


140 




2..>50 


145 


70 


2. 750 


' 150 


75 


2. 953 


! 155 




3. 149 


! ii;o 


85 


3. 34G 


105 


90 


3.543 


; J7U 




3. 740 




100 


3.9:J7 


180 


105 


4. t;{4 


1 185 




4. 331 


100 


1J5 


4.528 


195 


120 


4.744 


2U0 



4.941 
5.118 

6.315 
5.512 
6.708 

5.906 
6. 103 
6. 299 

6. laC) 

6. cm 

6.. -^1(0 
7.087 
7.284 

7. 1-0 
7.b77 
7.874 
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TMe for the conversion oj degrees of Centigrade ihcrnwmeters into thote of 

FahrenheifM scale. 



Cent. 


Fab. 1 


Cent. 


1 

Fah. 


CeaU 




Cent. 


Fab. 




1 

— 148.0 


— 19 


— 5G.2 


2 


3r>. 6 


53 


I"7 4 


— y*j 


— 140.2 


— 18 


— :>4. 4 


3 


:r7. 4 


54 


J 2'' "A 


— 9ii 


—1 1 1. 4 


■ 47 


— 52.G 


4 


39.2 


55 








—46 


—50.8 1 


5 


41. 0 


56 


132 8 


~~ m 


— 140.8 ! 


—45 


— 19.0 ' 


6 


42. 8 


57 


134 fi 


— [K. 


— I'.VJ. 0 


— 14 
* 


— 17.2 


7 


44.6 


58 


1M J 


— 04 


— i:i7.2 


— i:j 


— ^15.4 ' 


8 


4G. 4 


hO 


1*',^ 9 
J .1 , 55 


— 93 


—Hi.'). 4 


— 12 


— iXG 


9 


48.2 


60 




— 02 


— i:i;5,G 


—41 


—41.8 


10 


50. 0 


61 


lit A 


— 91 


— I'M, 6 


— 10 


— 10. 0 


11 


51. 8 


62 




_ 90 


— i:».o 


— ."59 


— :J8.2 i 


12 


5;i. 6 


63 




^ 8i) 


— ]V!H, 2 1 


lis 


_:',G. 4 


13 








— . tiH 


—126.4 




— :m!6 


14 


57 2 


65 


I4Q n 


-87 


—KM. 6 1 


— 36 


— :J2. 8 


15 


59. 0 


66 




bU 




—35 


— 31.0 


16 


60*8 


67 


l 'V> A 


65 


— r^i.o 


— ^ 


— 29 2 


17 


G2 G 


68 


i-'-J. 4 


~ 84 


—119.8 


—33 


—27.4 


18 


C4. 4 


69 




— 83 


— 117. 4 


—3*2 




19 


66 2 


70 




^2 


— ] 15. 6 


—31 


— 2:^.8 


20 


68 0 


71 




— Bl 


—113.8 


—30 


—22.0 ; 


21 


69. 8 


72 




~ 80 


—1 12. 0 


—89 


— 20.2 


22 


71.6 


73 

• •* 


ll^l 4 


79 


— 110,2 ] 


—88 


— 18.4 


23 


7.J 4 


74 




— 78 


—108.4 


—87 


— 16.6 


84 


75. 2 


f *^ 




— 77 


— IOC. 0 ; 


—26 


— 14. 8 


85 


77. 0 


76 


JUC. o 


— 76 


— lU4.ti j 


— 25 


— 13.0 1 


96 


78! 8 


77 

m w 


?7( t fi 


75 


— 1U3.0 I 
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